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SOCIETY RESEARCH 


PRESIDENTIAL ADDRESS BY HARRY E. SAWTELL,* BosToN SocIETY OF CIVIL 
ENGINEERS, Marcu 16, 1932 | 


I wis to say a few words about the subject of Society Welfare 
Ibefore passing to my main subject. 

It is unfortunate that a season of business and unemployment dis- 

tress is in full swing, but such occurrences cannot be helped while the 
production of raw and finished materials remains uncontrolled, plus 
ssome other causes. 
. Much good, however, will come out of this season of distress, one 
‘item being a new sense of kinship of professional engineers and archi- 
‘tects; another good result will be a real step toward solidarity of all 
‘classifications of professional engineers. Proof of the ability of engi- 
‘neers, in the different branches of the profession, to get together and 
to work for the alleviation of suffering of the few is now being demon- 
strated. 

A great deal is said lately about the “‘ideal of service.” Is not this 
work fulfilling the requirements of such a service? We are serving our 
brother engineers and sharing our incomes with them. We can do little 
more. 
Individualism is one of the most valuable traits a people may 
possess, and a trait which accounts in large measure for the great strides 
made by our people since the beginning of our country. This, however, 
has often been accompanied by ‘isolation,’ and the professional engi- 
neer, while being extremely individualistic, has, seemingly, more than 
any other professional, cultivated ‘‘isolation.”’ 

If that co-operative and co-ordinated force we call cohesion can 
be obtained among engineers, and individualism be retained, that day 
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will mark the time when we may expect to find engineers doing still 
greater work and taking their proper place, in this time of rapid ad- 
vancement, and doing their work under better conditions than now 
exist in some communities. We have a situation among us now, which, 
if nurtured, will develop cohesiveness and constructive strength. I 
refer to our united action in assisting the distressed section of our mem- 
bership and the rational relationship with professional architects. 

A prize of great value that will be captured, largely as a result of 
this depression, is the forced improvement of materials and methods 
in a multitude of instances. This will be done largely by research. In 
materials alone many splendid improvements have been made, in order 
to meet the competition for better materials at lower cost. The neces- 
sity of getting new business has caused many hitherto stagnant minds to 
search for better things and better methods. 

Great prosperity does not encourage keenness and research as does 
adversity, and the world will be richer in many ways as a result of this 
depression. The value of research in all such emergencies has been 
proven, and it is mounting higher and higher. 

A more exact knowledge of the things we use and come into contact 
with will aid us to use them with greater surety and economy. Take 
the case of structural steel, the more exact the knowledge of its prop- 
erties became and the more reliably it was manufactured, through con- 
stant research and improvement, the greater the economy in its use 
became, largely through reduced safety factors. 

Some one has stated that large safety factors indicate at least one 
thing, namely, our ignorance of physics. As this is largely true, it 
points clearly to the desirability of having more exact knowledge of all 
the things we use directly or indirectly in our designs and reports. 

We must find a method of encouraging individualism in the young 
engineer, and we shall accomplish this if we induce him to investigate 
and to think for himself. In the so- -called rush of the times it may 
seem out of place to suggest that an engineer undertake the slow work 
of research to clear up some obscure subject or to gather data and facts 
in order that an advance may be obtained in the general understanding 
of some physical or scientific subject, but I am suggesting just that. 

A booklet issued by the Lehigh University notes two contrasting 
facts, which are significant. I quote it as follows: 


When the foremost statesmen of the world met in the Congress of Vienna, about 
a hundred years ago, to patch up the mischief done by Napoleon, a great physicg’ 
was working quietly at the University of London. 


The diplomats of Vienna talked as much as possible, listened when necessary, 
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f mankind exactly nothing. 

| Professor Faraday, on the other hand, mounted a copper disk between the poles 
of a horseshoe magnet, and by whirling the disk, set up an electric current. 

; From the Congress of Vienna, the world has nothing but bitterness, jealousies, 
and war. From Michael Faraday, the silent man of science, the world has had light 
Tor its lamps, life for its telephones, and power for its mighty machines. 

. Modern civilization is not built on rhetoric and graceful gestures, but on the appli- 
cation of scientific facts. It is well worth while to think of the men who are applying 
these facts. For if the world is ever to see come true the Utopia of its dreams, in which 
there will be no war, no famine, and no disease, the world must learn to look to the 
sreative intelligence of its scientists and engineers. 


ss a great many brilliant and expensive functions, and accomplished for the good 


Few are privileged to discover basic data bearing on physics, but 
most of us can put a drop into the bucket of advancement. 
| Modern life requires the use of mew materials as well as the better 
use of old materials. How do we determine the true value of the great 
mass of new materials and forms which are thrust upon us for use? 
The answer is, ‘‘Research,” for it is by the hard digging for more exact 
knowledge of their properties and physical characteristics that we gain 
a true idea of this value to us. 


} 


) Schools should stick largely to teaching fundamentals of science 
and engineering, leaving the graduate to find ways of becoming 
acquainted with up-to-date engineering methods and materials used 
ain the industrial and municipal fields. Industry has found that at 


least one thing is a necessity (whether times be good or bad), and that 
ais ‘‘research,” the constant quest for new facts and new ways of doing 


‘things. 
Some time ago a speaker before this Society stated that he had 
derived substantial benefits from the scientific information published 
iby the Boston Society of Civil Engineers. His case must be typical of 
‘many, and points to the desirability of continuing the publication of a 
steady stream of valuable and exact information, including designs, 
idescriptions of work done, investigations and research. It is for the 
Ibenefit of the coming generations, perhaps, more than for ourselves, 
‘that we should continue to publish, in increasing numbers, technical 
papers and results of researches. 
Our fields of engineering activities are both broadening and in- 
‘tensifying; broadening by including the use of new materials and 
‘methods in structures, or problems, and the constantly increasing ap- 
plication of engineering sciences to meet the demands of modern life ; 
and intensifying through specialization and research. Broadening our 
field of activities should not cause us to forget that it is along technical 
lines that our Society gains its greatest strength and. value. 
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Engineers should study the trend of the times closely and develop 
along lines which serve the new conditions found at this time. There 
seems to be a more rapid change going on now than at any other time 
in history, and this includes means of transportation, of communica- 
tion, or recreation, higher standards of living, sanitation, quality of 
materials, manufacture, etc. 

One of the outstanding movements in this age is the astounding 
increase in the number of professionals who are devoting most, if not 
all, of their time to research work. To the great number of professional 
organizations which are devoting all of their time to research work in 
general must be added the large number employed in laboratories oper- 
ated by such large corporations as the General Electric Company, 
Westinghouse Electric and Manufacturing Company, Bell Telephone, 
Dupont and others. I am told that the total number of investigators 
in this country runs well above 15,000. Underlying these professional 
and industrial laboratories is the great number of University labora- 
tories, which are advancing the knowledge of fundamentals in science 
and engineering. 

To show how deeply the desire to understand and improve things 
has grown into our blood, it is a fact that our children are experimenting, 
at home, with radio waves, electricity, laws of aerodynamics, and other- 
wise showing themselves to be far ahead of what we were at their age. 
Let us hope that they will know how to control some of the new things 
they are preparing to devise before they let them loose on mankind. 
If they do so, it will be doing something we have not always done. 

What will be the natural result of the enormous amount of re- 
search work? We are already seeing what is probably a small part of 
this result, namely, the wonderful advance in knowledge of physics, 
new electrical appliances, new metals, and greater and better use of 
other materials, new machines, more economical production of power, 
etc. Is there any limit to which a people may go when so great an 
amount of well directed research is carried on? 

The United States is making more rapid strides toward scientific 
knowledge, and, in engineering, application of such knowledge, than 
ever Germany did in its best pre-war days. 

It is reported that Dr. Micholsen has said that ‘Science is lots of 
fun.” Let me paraphrase this by saying that ‘Research, the servant 
of science, is lots of fun.” . 

Our own Society has a great obligation to meet in carrying on its 
work in such a way as to satisfy its members in their desire for knowl- 
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me of better ways of doing things and for a better understanding 
f the materials we use. 

. In the immediate past there have been published in our JOURNAL 

certain reports requiring rather extensive labor in research and fact 


finding, some of which are named below: 


Reports on ‘‘Boston’s Foundation.” J. R. Worcester. January JOURNAL, 
1914 (out of print). 

Report of Run-Off Committee, October, 1922. 

Report of Sanitary Section on Collection and Disposal of Garbage, June, 
1927. 

Report of Committee on Floods, September, 1930. 

Report of Subsoils Committee, September, 1931. 


| With one exception, these were the work of a committee. 
| All of them added much to the total of knowledge of the subjects 


‘covered, and enhanced the value of the Society to the community. 
| Another Run-Off Committee is preparing for another report to 


be presented in the future. 
) Individual papers of value on subjects requiring much research 


“have occasionally been published, but it seems to me that the number 


‘of men of our Society giving their time to investigating worthy subjects 


is too small. Such work stimulates the individual and increases mate- 


‘tially the reputation of our Society when published in our JOURNAL. 


~The JouRNAL has a wide circulation, but it could be increased in value 


by publishing the results of a still greater number of original investi- 


gations and researches. No one thing comes to mind having greater 


significance or possibilities. 


If I may be pardoned for being a little personal, let me say that 
the engineering organization of which I am a member has for years 
thought it desirable to carry on, occasionally, researches into certain 
things which would give data aiding them in their work. Some of the 


subjects investigated are: 
osote oils to see if within specification limits. 


This involved extraction with a solvent, micro- 
ts, and a number of other tests. 


Fractional distillation of cre 

Analyses of roofing felts. 
scopic fiber analysis, strength tes 

Microscopic studies of the structure of wood. 

Studies of wood preservation. 

Sodium fluoride experiments in soaking and st 
decay. 

Many soil analyses for cores of earth dams, etc. 


Analyses of clays. 


eeping timber for prevention of 
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The above list has purposely been selected to bring out clearly 
‘that the common things with which we come into contact may be suit- 
able subjects for research, and occasionally a subject may be of inter- 
est to engineers in general. Such appeared to be the case with the 
‘subject of ‘‘Wood Preservation. The Use of Sodium Fluoride in the 
Steeping Process,” published in the JOURNAL of May, 1927. 

The privilege has been mine this year to gain the permission of 
the Board of Government to appoint a committee for the purpose of 
scheduling subjects suitable for research either by individuals or com- 
mittees. The committee, headed by Past President Frank Marston, 
has presented a splendid schedule of subjects, with the expressed hope 
that it will be an incentive to numerous members to undertake such 
work. 

This schedule includes two subjects which have been investigated 


by us, and I am going to describe them briefly, in order to show the 
comparative ease of doing this kind of research work which, if published, 


may be of some help to others than the organization making them. 


These are, first, ‘‘The Effect of Decay on Structural Timber,” and 
second, ‘‘The Classification of Clay for Densities.” 
The investigation of ““The Effect of Decay on Structural Timber’ 


, 


/ was undertaken to satisfy a desire to have more exact data at hand to 
aid in answering the oft-repeated question which industrial plant owners 


-ask, ‘““How good is this floor. How much load can we apply to it 
safely?’”? These questions are not easily answered, and if one has no 


data to help him he is apt to play safe and condemn the floor outright. 


This is not always justified from an economical point of view. 

Having studied rot fungus, its progress under different conditions, 
and its general effect upon the strength of timber, it was, perhaps, 
comparatively easy to make this investigation. It is not necessary 
to understand rot fungus from a pathological viewpoint, but it is neces- 
sary to be able to identify the fungus and its mycilium in wood and the 
result of its progress. 

The strength-life curve, showing the probable average strength of 
timber placed in buildings, together with the effect of moisture content 
and time, is shown, in Fig. 1, to help make clear how timbers may react 
under different conditions. 

The upper curve of Fig. 1 shows the result of putting an air-dried 
timber into a dry-heated building. The ultimate strength increases as 
the timber dries out, and remains high for a long time; then there is a 
decrease, due to a very slow increase in dry rot, checking, mechanical 
wear, overload, impact — resulting in fatigue and failure. The life under 
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these conditions may average fifty years. Under certain favorable 
conditions timbers are known to be in good condition after one hundred 
years or more of use. 

The average dense southern pine timber, when green, may have a 
45 per cent moisture content and a modulus of rupture as low as 5,000 
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pounds per square inch. The average dense southern pine timber, air- 
dried, may have a moisture content of about 25 per cent and an ultimate 
strength of 6,500 pounds per square inch. 

The average mill buildings for textile and similar uses now have 
high percentages of moisture in the air created by artificial humidifica- 
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tion. In such a case an air-dried timber, after being placed in the mill 
does not gain in strength, and at least retains its percentage of niuiscure 
(say, 25 percent). Due to the favorable conditions of heat and moisture 
for rot fungus growth, such a timber is soon reduced in strength and 
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becomes a necessary subject for inspection. This condition is reached 


in from ten to twenty years for untreated timber. 
The safe strength of doubtful timbers, when rot has progressed to 
a serious point, is determined by obtaining samples of the wood by 


borings; making a determination of the moisture content; and fixing 


the progress and location of rot fungus in connection with other defects. 
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These having been found, comparison may be made with results of bend- 
ing tests, and the strength may be arrived at quite closely. It may not 
be accurate, but at least it gives a more exact basis from which to work. 
The tests of timber in this series consisted of breaking, by bending, 
71 sticks in various stages and conditions of decay. The results are 
shown in Table 1. This table shows the number marking given the 
sticks: modulus of rupture; fiber stress at elastic limit; horizontal 
shear; modulus of elasticity; moisture content; and rings per inch. 
Accompanying this table are notes describing the failure of each piece, 
the percentage of rot, its location, etc. 

Fig. 3 shows a curve made from results stated in Table 1, and, in 
general, indicates the bending strength of a timber having only 5 per 
cent of rot as being about 10,000 pounds per square inch. This was a 
good timber, and the rot weakened the stick but little. The curve also 
shows a stick having 50 per cent rot unfavorably placed as having a 
strength of only 1,000 pounds per square inch. 
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OrFicE LABORATORY — NOTES ON TABLE 1 


Stresses given in pounds per square inch. 

Moduli of elasticity given in thousands of pounds. 

Hygroscopic moisture given in per cent of dry weight. 

Rings given per radial inch. 

Detailed description and character of breaks given below. 

All beams of southern hard pine 2 by 3 inches tested with 3-inch 
dimension vertical on a 36-inch span. 


1. — Failed in tension followed by compression. No knots. Sappy. Rings diagonal. Wood firm. 
| Fungi and sap stain on one side. Otherwise sound. 

2. — Failed in splintering tension starting at small knot. Summer wood light. 

/3.— Tension failure. All sap. Sap stain. Fungi bottom face. No knots. Rings diagonal. 

4. — Tension failure. Slight spiral grain. Heavy dark resinous summer wood. No knots. 
'5,—Tension. Nodefects. Straight grained. Summer wood dark, distinct and resinous. Very heavy stick. 
6. — Simple tension. 
| 7.— Same as No. 5. 

8.— Simple tension. Heavy dark resinous summer wood. 

9.— Simple tension. Light summer wood. 

0. — Tension failure followed by compression. Sappy- Sap stain. Rings diagonal. Rot starting. 

a1.— Tension failure. Light summer wood. No knots. 

2.— Heavy stick. Some spots of rot. Straight grained. Tension followed by compression failure. 

3. — Tension failure. Light summer wood. Worm holes. 

4.— Simple tension followed by compression failure. No defects. Summer wood distinct. Rings 
vertical. Straight grain. 

5. — Tension break. 

6. — Simple tension followed by splintering tension and compression failure. No defects, Summer 
wood light. 

17. — Tension break. No knots. Rot streak bottom face. Sap stain. 

48.—Tension. Sound, fairly straight grain. No knots. Very light stick. 

19. — Tension failure. 

20. — Cross grain tension failure. 

21. — Tension failure. 

522. — Tension failure. Nearly all sap wood. Rot incipient. Sap stain. 

23. — Cross grain tension failure. Spiral grain. Otherwise a perfect stick. 

"24. — Cross grain tension failure. Spiral grain. 

125. — Tension failure. No knots. Mostly sap. 

26. — Tension failure. Heavy, all heart stick. Lower corner and one end decayed. Failed at decayed 

; portion. 

“27. — Tension failure. No knots. Very light stick. Spring wood soft. 
-28. — Horizontal shear failure. Rot hole in end and streak along side. Nearly all sap wood. No knots. 
29. — Tension failure. No knots. Sappy. Sap stain. Coarse grain. Rot somewhat advanced. 

30. — Tension failure starting at ¥-inch knot near center of span. ; 

31. — Tension failure. All heart. Heavy stick. One end rotted. Balance of stick sound. 

32. — Tension failure. All sap wood. Sap stain. Rot started. No knots. 

33. — Tension failure. Cross grain. All heart work. 

34. — Failure in tension followed by failure in compression. 

sap wood. Wood firm but dark colored. 

35.— Tension. Light summer wood. 

36. — Tension failure. Incipient rot. 

37. — Cross grain tension failure. Some rot. 

38. — Tension failure. 

39, — Tension failure. Light summer wood. 

40. — Tension failure. Cross grain. Two knots. Failed at knot. 

41. — Tension failure. No knots. Sap stain. Rot beginning. ; 
42, — Tension failure. Stick brashy and coarse. Spring wood soft. Sap stain. Rot beginning. 


43, — Tension failure at knot. 


Stick coarse. Spring wood soft. One-half 
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44. — Cross grain tension failure. Summer wood dark. ‘ 

45. — Cross grain tension followed by complete failure at third point above neutral axis. Large knots 
at ends. 

46. — Tension failure. No knots. Mostly sap. Sap stain. 

47, — Tension failure. Sap stain and rot. No knots. 

48. — Tension failure beginning at knot 6 inches from center line. 

49, — Cross grain tension failure. ~ 

50. — Cross grain tension failure. Regular grain straight. Secondary grain spiral. Sap stain; !4-inch 
rot on bottom face. 

51. — Tension failure. Sap wood spongy and soggy like blotting paper. 

52. — Tension failure. Mostly sap wood. 

53. — Same as No. 51. 

54, — Broke in two parts suddenly. Cross grained. Sound. 50 per cent heart wood. 

55. — Tension failure. Lower face rotted average %% inch deep. When load was removed stick returned to 
horizontal and point of failure could not be seen. 

56. — Cross grain failure. Instantaneous failure. Large knots at ends. 

57. — Cross grain failure. Sudden. 

58. — Tension failure. Nearly all sap wood. Sap stain and some rot. 

59. — Cross grain tension failure. Some rot. 

60. — Failed in tension and compression at third point where rot spots were visible on surface. 

61. — Tension failure at third point at knot on neutral axis. 

62. — Tension failure. Sound stick, light but all heart. 

63. — Failed at knot at center of span. 

64. — Failed at knot above neutral axis, 6 inches to right of center of span. Cross grained caused by knot. 

65. — Advanced rot failure in tension. 

66. — Failed at knot across bottom face. 

67. — Total failure because of advanced rot. 

68. — Horizontal shear failure. Rot advanced. 

69. — Advanced rot. Failure in tension. 

70. — Advanced rot. Failure in tension. 

71. — Advanced rot. Failure in tension. 
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Location of defects, including rot, must always be taken into ac- 
tount when fixing values for other structures. 
. Fig. 4 shows, in diagram, the design of the home-made machine for 
breaking the sticks. These tests are to be followed by another series in 
which an even greater number of sticks will be tested by bending and 
which will fail from advanced age and rot. 

There are still a great many mill buildings in New England whose 
Hoors are made of wood, and many of these, sooner or later, must either 
be used at reduced loadings or economically reinforced for the remainder 


of their useful life. 


Deflection Scale. 
Load applied 


through jack 


SCALE 


IMBER TESTING MACHINE 
CAPACITY 4500 LBS 


CHas 7. Main. Ine. 


Fic. 4 


Just outside of this problem the fact may be stated that wood is 
now seldom put into mills, having high humidity, without being treated 
to prevent growth of rot fungus, and when so treated its useful life is 
lengthened from three to four times over the life of untreated wood. 

Treated timber will be found to have a useful life about equal to 
the life of most of the buildings in which it is used, owing to obsolescence 
being effective in putting most buildings out of the use for which they 
were designed in much shorter periods of time than used to Vie the case. 

The second subject of research which I will present is ; The Classi- 
fication of Clay for Density.” The object of making this series of tests 
was to find, if possible, some mechanical way of classifying clay as 


definitely ‘‘hard,”’ “medium” or ‘‘soft.”” 
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All of us, probably, have had the experience of being told, by men 
who make our borings, that a clay was definitely one classification, and 
discovering afterwards that the foreman of the gang making the bor- 
ings had misjudged the soil samples. The methods of arriving at their 
decisions differ with almost every man in each different company. There 
has been no one standard for what is ‘‘hard’’ or “‘medium”’ or “‘soft”’ 
clay, and where the line is drawn between them.: 

Wishing to see if this could not be cleared up, I had a series of tests 
made on different clays to see if the penetration of a needle under a 
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certain weight would not give us some conclusive data. Hundreds of 
tests have been made on clays taken from the ground in various ways, 
some representing distinctly disturbed samples, while others represent 
practically undisturbed clay. A few examples of blue clay are described 
in Table 2 and penetrations stated. 

In this table will be found: water content in percentages; per-— 
centage of voids; bulk specific gravity and penetration of a needle 
0.1 inch in diameter, having a weight of 16 ounces upon it. Knowing 
that the physical characteristics control the penetrations, it is inter- 
esting to note the penetrations of the needle as compared with. the 
water content, bulk specific gravity, and voids. 
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Fig. 5 shows a plot in which the penetration curves of water per- 
ntage, voids and bulk specific gravity are given. The needle pene- 
ration shows such*a logical and consistent result that we are led to 
Sia that some such method as this is feasible in determining the 
lensity of clay. 


j 
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Fig. 6 is a reproduction of a photograph showing the frame, nie 
and weight used in making the experiments. The sample to be teste 
jis placed under the needle and the needle moved down until it just 
touches the sample. The needle is then released by the thumbscrew 


and penetration results. 
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It is obvious that if the limits permitted for ‘‘medium”’ clay pene- 
trations are fixed, the ‘“‘hard’’ and ‘“‘soft’’ clay limits are also fixed, 
At present it is suggested that when penetrations between one-eighth 
of an inch and three-fourths of an inch are obtained such clay be 
classified as ‘‘medium.”’ i ape , 

The report of research work on two subjects of common interest 
to many of us have just been described for the obvious purpose of en- 
couraging such work. Subjects of greater worth and moment should 
also be undertaken. 


Fic. 6 


Table 3 states the facts regarding a typical Boston Blue Clay which . 
was recently given a mechanical analysis by two different methods, 
z.e., hydrometer and sedimentation. The results were very close and 
should interest many who are studying clay. 

There are not many such analyses of typical Boston Blue Clay, so 


far as I know. If others are known it would be well to publish them, or, 
if published, to collect them. 
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Referring to the subject of this paper, 7.e., ‘‘Society Research,” 
' will state again that it is probably wise and proper for all engineering 
schools to teach the fundamentals of science and engineering thoroughly. 
[he young engineer should, however, realize that a liberal education can- 
not be obtained in-any school, but that he must never cease to build 
for himself. One of the best aids in liberalizing his education after 
‘eaving school is to enter upon some kind of original research work in 
which his originality and ability to think are developed. 


TABLE #3 
(HYDROMETER (SEDIMENTATION 
ANALYSIS Roxsury CANAL.| EAST CAMBRIDGE 
FINE SAND. 4.7 6.07° 
OTe 310 
Rock FLOUR. 23.0 » 
CLAY (TRUE) 300 


! The Society, having published a list of subjects suitable for re- 
search, could logically follow this up by asking the committee that 
emade this schedule to sponsor the further work of encouraging our 
ryounger members to take on some such work under the committee’s 
guidance. The committee, made up of practicing engineers and pro- 
Hessors working in technical schools, could furnish almost ideal assist- 
-ance in shaping such work toward getting the maximum value out of 
‘the investigation for the member and the Society. It seems to me that 
‘this work, if undertaken by the Society, would meet the demands of 
‘the times and enhance the Society’s value to its members and the 


/community. 
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THE STRUCTURE OF CLAY AND ITS IMPORTANCE 
IN FOUNDATION ENGINEERING 


By ARTHUR CASAGRANDE * 


(Presented at a meeting of the Designers Section of the Boston Society of Civil Engineers, 
January 13, 1932) 


INTRODUCTION 


DuRING the past two years a considerable amount of research on 
the physical properties of clay in the undisturbed state and in the re- 
molded state has been carried out at the Massachusetts Institute of 
Technology. The results so far obtained seem so important that they 
should be made available to the engineering profession. 

While the conclusions which one is forced to draw from these re- 
searches have startled me, and no doubt will surprise many in the 
audience, I should like to emphasize that there is nothing new in the 
underlying principles and the testing methods on which these investiga- 
tions are based. They were developed by Professor Terzaghi during the 
past ten years and are available in his publications. Much of the material 
I am about to present to you has been said before without receiving 
the attention it deserves. This may be due to the fact that modern 
soil mechanics requires a thorough knowledge of certain phenomena of 
physics and of advanced calculus for the solution of the problems. I 
feel that if I start my lecture with a discussion of the capillary pressure 
in clay due to the surface tension of water, some among the audience 
would immediately begin to wish they had not come. But I shall try 
not to use any of these mysterious terms nor any complicated mathe- 
matics. 

Before I proceed to the main part of this lecture, I am going to dis- 
cuss in a general way the meaning of the terms stress, deformation and 
rupture as applied to soil. While there is no doubt what we mean by 
these terms when speaking of structures built of steel, concrete or other 
common construction materials, there is some confusion in their appli- 
cation in foundation engineering. 

In order to compute the safe bearing load of a beam we must know 
the dimensions of the beam and the strength of the material of which 
the beam is made. From these data we compute the load at which the 


* United States Bureau of Public Roads, stationed at the Massachusetts Institute of Technology. 
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: 

. 

em would fail, and after deciding on a factor of safety we can deter- 
mine the maximum safe load, which we may call the safe bearing load 
of this beam. ; 

Let us suppose that the beam is very flexible and that, in addition 
ito its load, it carries an accurate instrument which will get out of ad- 
Hustment if the deflection of the beam exceeds a certain small value. 
‘In this case it will be necessary to compute that load which causes the 
‘admissible deflection. I shall call this load the allowable load. This 
allowable load may be very much smaller than the safe bearing load of 
ithe beam. If one has to design such beams very often, one should know 
‘in advance that it is not necessary to compute the safe bearing load, 
‘but that one must determine the allowable load from the allowable def- 
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ormation; and, in order to compute the deformation, one must know 
the stress-strain relationship — for example, the modulus of elasticity 
_—_of the material rather than its beam strength. 

In structural engineering the number of cases in which the load 
is limited by deformation is small on account of the great rigidity of 
structural materials. For soils the opposite is generally the case. 

Soil is so much more compressible, and its deformations are so much 
larger than those of our common construction materials, that in the 
great majority of foundation problems the loading of the soil must be 
limited to a value which is much below the safe bearing load of the soil. 
Those cases where danger of actual rupture of the soil exists are found 
in engineering structures, such as dams, dikes, quay walls (Fig. 1), in 
railway and highway engineering, in cuts and fills, retaining walls, masts 
under wind pressure, etc. In other words, structures with unsymmetri- 
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cal load distribution on the soil are apt to fail by rupture, and their 
analysis must be based on the shearing strength of the soil. (1), (2), 
(3) and (4)* ; 
Among those structures which represent a symmetrical vertical 
loading, and yet are apt to fail due to rupture of the soil, are bridge 
piers which have to carry large loads on a small area (Fig. 2). (5) and(6) 


Settlement 


“CURVES OF SETTLEMENT OF VARIOUS COLUMNS, 
NATIONAL THEATER, MEXICO CITY 


THE CURVES SHOW A DIMINISHING RATE OF SETTLEMENT, 
THE BUILDING HAS A CONCRETE MAT FOUNDATION, THE 
GREAT SETTLEMENTS ARE DUE TO OVERLOADING OF THE SOIL, 
WHICH CONSISTS, OF VERY FINE, SATURATED, VOLCANIC SILT 
MORE THAN 600 FEET DEEP, AN OLD LAKE BOTTOM. 


Fie, 3 
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However, in the field of building construction the possibility of 
actual rupture of the soil is very remote.t I do not know of a single 


instance where rupture of a homogeneous soil has taken place under a 
building. 


* Numbers in parentheses refer to bibliography. 


{Some failures of dams and earth subsidences which are due to the effects of ground water move- 
ment are, strictly speaking, not failures of the soil due to overloading. Professor Terzaghi terms such 
occurrences ‘‘underground erosion’’ and gives an excellent description in (7) and (8). 


—E——— 
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Even if the settlements amount to many feet, as is often the case 
in Mexico City, in Constantinople and some other cities, we have no 
right to speak of failure or rupture of the soil. In Fig. 3 * is shown the 
‘old School of Mines in Mexico City, which has settled so much that 
there is a difference in elevation between the center of the building and 
its ends of about four feet. The settlement is, nevertheless, due to 
deformation and compression of the soil. In order to cause actual rup- 
ture the loads would have to be many times greater. 


Fig. 5b 
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I should like to emphasize that the settlement of a building founded 
on clay, or certain other fine grained soils, progresses with time at a 
gradually decreasing rate. Very often we are not interested in the total 
settlement, which may take several hundred years for its full develop- 
ment, but we are more interested to know the rate of settlement during 
the first years after construction. In order to illustrate this, let us con- 
sider the progress of subsidence of the National Theater in Mexico City, 
shown in Fig. 4.* The maximum rate of settlement was one foot per 


* Figs. 3 and 4 are reproduced, with permission of Mr. Lazarus White, from the new book on ‘‘ Under- 


pinning,’’ by Prentis and White. (22) 
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year. The settlement during the first ten years amounted to about five 
feet. From the shape of the time-settlement curve, it is possible to 
estimate that the total settlement will be about twelve feet, and that 
this value will be practically reached within twenty or thirty years. 
Let us now imagine another type of soil which will give the same total 
settlement, but at such slow rate that the settlement within the first 
five years will be five inches instead of five feet. Obviously, the second 
case is much safer from the standpoint of building construction. 

In order to understand the cause of settlements, let us consider 
one small cube of soil somewhere beneath a loaded area (Fig. 5a). The 
stress due to the load will be distributed on the level of this cube, as shown 
by curve A. In addition to the vertical pressure, the load will produce a 
horizontal pressure, as indicated by curve B. Asa result of these stresses, 
the cube will first undergo a lateral deformation without volume change ;* 
and then in the course of time a gradual volume change will take place, 
due to squeezing out of water. For the first effect we shall use the term 
deformation, and for the second effect the term compression or consolt- 
dation. 

By summation of the deformations and compressions of all small 
cubes in the same vertical line (X¥—X) we arrive at the settlement of this 
point of the building. 

For those soils which may be considered suitable foundation mate- 
rials, and for loaded areas of a size normally encountered in building 
construction, the lateral deformation represents only a small part of 
the total settlement. For most cases it will be sufficient to determine 
the compressibility of the soil in order to know how much a building is 
going to settle. 

The relationship between pressure and volume of typical soils is 
shown in Fig. 5b. The compressibility of clay is many times larger 
than that of sand. In addition, there is a fundamental difference as to 
the rate of settlement. Sand undergoes most of its deformation imme- 
diately after it is loaded. Clay requires a long time for this process. 
Typical time-settlement curves for sand and clay are shown in Figs 5; 
The differences in compressibility and in the time effect are even greater 
than shown in the sketches, as it was necessary to exaggerate the sand 
curves in order to show the shape at all. 

I should like at this point to summarize the foregoing introduction: 
The same principles which govern the design of our superstructure apply 
also to the ground on which such a structure is built. Just as we must 


* : 7 
The volume change of the constituents of clay (mineral grains and water) is negligible under the 


stresses which we have to consider. We assume that the clay does not contain any noticeable amount of 
air, which is generally the case in undisturbed clay deposits. 


_ 
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know the strength and stress-strain relationship of our construction 
materials, as well as the stress distribution in the individual members 
‘of the superstructure, it is also necessary to know the same factors for 
the soil beneath if we want to determine the safety against rupture and 
‘the settlement of the structure due to compression and deformation of 
the soil. The only difference is that in the superstructure the deforma- 
tions are so small that we try to utilize for economic reasons the strength 
of the material within safe limits, while for soil the deformation and 
compression are so large that, especially in building construction, we 
cannot utilize its safe bearing load but must be satisfied with a smaller 
load in order not to exceed a reasonable settlement. While in designing 
a structure we may often get along by knowing only the strength of the 


construction material, we are, in the case of soil, obliged to know, first 
of all, its stress-strain relationships. 


| 
| 


} 
BI 


THE COMPRESSIBILITY OF CLAY AND ITS MEASUREMENT 


We have recognized that settlements of buildings on clay are caused 
mainly by compression, that is, a volume decrease of the soil due to the 
superimposed load. If the voids of clay were filled with air, the com- 
pression would be almost instantaneous, because the air could escape 
with very little resistance, simultaneously with the volume decrease of 


| the soil. However, water meets so great a resistance in the very small 
| voids that it takes considerable time until all the excess water is squeezed 


out. The lower the permeability of the clay and the thicker the com- 


_ pressed clay layer, that is, the longer the path of percolation, the more 
time will it take for the soil to consolidate under the new load. 


If we can succeed in determining the amount of compression a clay 
will undergo under a load, and the rate at which this compression will 
proceed, we have also solved the problem of how to determine, at least 
approximately, the settlement which a building will experience when 
founded on this clay. 

Professor Terzaghi has developed a testing method which allows 
the determination of the compressibility of clay samples. (9) and (10) 
A cross section of the apparatus is shown in Fig. 6. The soil sample is 
pressed between two porous stones which permit free drainage of the 
water from both faces of the sample. The upper stone forms the base 
of a piston through which the loads are applied to the sample. The 
compression of the sample is measured by means of very sensitive ex- 
tensometers. The loading device forms a separate unit, of which several 
different types are in use, for different ranges of pressure. They apply 
a constant load which is increased or decreased by increments (Fig. 7). 
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When a sample of soft clay is compressed in this so-called consolida- 
tion device, water will be squeezed out and the sample will decrease in 
thickness at a gradually diminishing rate. When movement of the dials 
stops, the grain structure has reached such a density that it can carry 
the load without further compression. If, then, another load increment 
is put on, the soil will compress further until the structure reaches so 
dense a state that it can carry the additional load. By repeating this 
process up to the desired maximum pressure, and then decreasing the 
load by steps to zero, we arrive at a curve (Fig. 5b) of logarithmic shape 
which represents the relationship between pressure and thickness of the 


Ue 
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sample or void ratio.* The rebound is usually only a fraction of the 
compression. 

By making time observations on the extensometers, it is possible 
to get the relationship between compression and time, as shown in 
Fig. Sc. It is customary to set the total compression under one load 
increment equal to 100 per cent. From one such time curve for a sample 
of known thickness My, it is very easy to derive the time curve for a sample 
of another thickness h,, or for the whole thickness of the clay deposit in 


ek All we have to do is to increase the time scale by the factor 
19 : : 
hae If a sample of one-half inch thickness reaches 90 per cent consoli- 


dation in 10 hours, then a soil layer of 100 feet thickness would require 
670 years to reach the same degree of consolidation. 


*Void ratio is the volume of voids divided by the volume of the solid matter. 
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For many years clay samples were tested in a remolded state. It 
‘seemed too difficult and costly to remove large undisturbed soil samples 
‘from drillholes. Therefore samples were taken in pipes of 1 inch to 
2 inches in diameter and 1 foot to 2 feet long. It was realized that this 
method of taking samples disturbed, at least partially, the natural con- 
sistency of the soil without, however, changing the water content. — If 
a sample were compressed in the apparatus in the disturbed state, 
‘starting from the original water content W;, one would get a compres- 


¢) 


a) 


ee WEIGHT CARRIER 


WEIGHTS 


COUNTER 
WEIGHT 


fem CROSS, FAL COUNTER 
— WEIGHT ~ 


PARTS / 
OF RIGID ~_ 
FRAME WORK ~ 


WEIGHTS 


RiGee 


sion curve A (Fig. 8) which did not go through P;, the point correspond- 
ing to the condition of the soil in nature. The compression curve for 
the undisturbed soil in the ground is represented by curve Dae lt was 
obvious that the sample in the testing apparatus was more compressible 
than in the undisturbed state in the ground. In order to reproduce 
the original curve B, the practice developed to add water to the sample 
and to mix it to a very soft consistency, corresponding about to Atter- 
berg’s liquid limit (11). Then, a compression test was started from 
this state, and this usually would yield a curve C, which was above A 


but still below the original curve B. 
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If it were possible to test an entirely undisturbed sample, it should 
not compress to any noticeable degree when increasing the pressure 
from zero to that pressure P;, under which the sample was consolidated 
in the ground. A further increase in pressure should cause a compres- 
sion along the compression curve B for natural consolidation. 

Two years ago a large undisturbed cube of clay from the Laurentian 
Valley was received through the courtesy of Prof. C. B. Breed. This 
clay was well consolidated, having a cube strength ranging between 30 


ile 
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and 70 pounds per square inch. When-a piece was remolded it would | 
first break and crumble between the fingers as if it had no plasticity. 
When squeezed with increasing pressure it would suddenly yield and 
become plastic and sticky. Most clays in the undisturbed state, which 
were never exposed before to the influence of outside conditions, display 
~such a behavior, at least to a certain degree. 

From this undisturbed clay a disc of the proper size was carefully 
cut out and submitted to a consolidation test.. The material immedi- 
ately surrounding this disc was thoroughly remolded and placed in a 
second apparatus for testing. These operations were carried out in 
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such a manner as to prevent any loss of moisture. The results of these 
| Saleeaias tests are shown in Fig. 9. The undisturbed compression 
Surve shows, at least approximately, the characteristics which one 
should expect from the previous discussion. The reason why the first 
part of the curve, before the original compression curve is reached, is 
not horizontal will be explained later. By continuing the steep part of 
the compression curve backward (dotted line) we arrive at the curve 
along which nature has consolidated this deposit. It appears that this 
priginal compression curve must start considerably above the liquid 
limit, at a water content which would correspond to a practically liquid 
state if it were reproduced in the laboratory. At a consistency corre- 
“* 
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sponding to the liquid limit the natural deposit can support a load of 
four tons per square foot without appreciable compression, while in the 
laboratory it would undergo excessive settlements at a fraction of this 
load, as we can see from the compression curve in the remolded state. 
Apparently nature builds up such clay deposits in a peculiar structure 
which is so carefully arranged that it is many times stronger than the 
irregularly arranged grains in the remolded state, or that structure 
produced in the laboratory by consolidation starting from or above the 
liquid limit. 

After these results were obtained it was concluded that the shrink- 
age limit* in the undisturbed state should be considerably larger than 


* The shrinkage limit is the water content of clay in the state when it has reached its smallest volume 


| during a drying process. (11) 
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: shrinkage limit in the remolded state. The test results confirmed 
\3 assumption. The shrinkage limit in the undisturbed state was 
..7 per cent as against 21.5 per cent in the remolded state. In other 
prds, the volume of voids of a sample dried from the undisturbed state 
as 50 per cent larger than for the remolded and dried sample. 

Later, Mr. Irving B. Crosby* gave me the opportunity to test a 
amber of undisturbed clay samples from the same formation but a 
‘ferent locality. Typical test results are shown in Figs. 10 and 11. 
gain we can notice the remarkable difference between the compressi- 
‘lity in undisturbed and remolded states. It appears that these samples 
sere consolidated under pressures ,between 7 and 9 kg// cm.”. Mr. 
irosby has found geological evidence which confirms these figures. 
| Under Professor Gilboy’s supervision, a number of samples of clay 
om two different localities in the vicinity of Boston were tested. In 
‘ig. 12 are shown the compression and expansion curves of one sample 
1 undisturbed and remolded states. For this material the difference in 
ompressibility between the two states is considerably smaller than for 
ne clay samples from Canada, represented in Figs. 9, 10 and 11. In 
dition, there is only an indication of a break in the compression curve 
ae undisturbed sample corresponding to the pressure at which con- 
plidation has taken place in the ground, while for the Laurentian clays 
ne break was very distinct. However, even with the Laurentian 
amples, there was a noticeable compression of the sample up to the 
snsolidation pressure. There are several reasons for this partial or 
omplete disappearance of the break in the compression curve of the 
mdisturbed material. Shortly before the sample is removed from the 
ottom of the drillhole it will have a tendency to swell by absorbing 
vater from the surrounding clay, and especially any water which may 
rep into the drillhole despite all precautions. No matter how carefully 
he soil and prepared for the test, there will 
of disturbance connected with these opera- 
ble to cut the sample to a prefect fit in 
lhe compression apparatus. Consequently, there will be a non-uniform 
yressure distribution at the start of the test. While the average pressure 
sver the whole area of the sample is still below the consolidation pres- 
‘ure, locally this pressure is exceeded and causes a premature com- 
sression of part of the sample. Most important, however, seems to be 
the effect of internal swelling, which will be explained under the following 


neading. 


sample is removed from t 
ilways be a certain amount 
ons. It is practically impossi 


* Consulting Geologist, Boston, Mass. | 
} This seems to open up a new avenue 0 


‘osits. 


f approach for geological investigations of sedimentary de- 
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A TENTATIVE EXPLANATION OF THE STRUCTURE OF A NATURAL 
Ciay DEpoOsIT 


So far, no explanation has been given for the cause of the differenc 
in the physical properties of clay in undisturbed and remolded states. 
From the standpoint of application for the purposes of foundation en- 
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gineering, it would not be absolutely necessary to know the reason. 
Just as improvements in the properties of steel or cement were often 
found empirically and utilized in engineering long before the physical 
significance was understood, we could utilize the knowledge of the com- 
pressibility of clay in undisturbed and remolded states in foundation 
design. But if we can find an explanation which checks with the obser- 
vations made so far, we shall welcome it. The following hypothesis 
seems to explain the observed phenomena in a satisfactory way. 
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| During the process of sedimentation in fresh water, the silt and 
rger clay particles settle out individually, while clay particles of col- 
sidal size first form flocks which are large enough to overcome the effect 
if Brownian movement (5) and then to settle out. In sea water the 
soagulating effect of the salts is so strong that it causes, also, clay par- 
icles of larger size and even silt and small sand grains to form flocks 
uring their downward movement. 
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and individual grains reach the bottom they form 
a very loose, honeycomb structure (Fig. 13). They do not settle into a 
‘more stable position, but usually remain in that position in which they 
first touched the bottom. This behavior is due to molecular attraction 
at the points of contact, which, for grains of this small size, is of the 
same order of magnitude as the weight of the grains themselves. This 
process of sedimentation and the formation of the honeycomb structure 
are shown in Fig. 15, and described in detail by Terzaghi in (5). 
"Under the steadily growing weight of the overlying sediment con- 
solidation takes place, which means that water 1s being squeezed out, 


When these flocks 
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and the structure becomes more dense. The flocculent structure of the 
clay in the space where the silt grains are relatively near together should 
for geometrical reasons undergo a larger compression per unit of volume 
than the clay contained in the spaces between the grains. A sudden 
increase in pressure would cause lateral flow and produce the same de- 
gree of compression of the clay in the larger voids as in the narrow 
spaces between’ the larger grains. However, a very slow increase in 
pressure allows sufficient time for a higher degree of consolidation to 
occur in the narrow ‘spaces without lateral flow of the clay. Conse- 
quently, the void ratio of the clay in the narrow spaces will decrease 
more than in the large voids, and the pressure will be carried mainly 
by the structure of the larger grains, being transferred through the 
highly consolidated clay in the narrow spaces between these grains. 
This state is shown in Fig. 14. That part of the clay which fills the 
space within the individual arches of the structure will carry only a very 
small fraction of the pressure and therefore will remain in a very soft 
state, while the consolidated bond clay between the grains will carry a unit 
pressure much higher than the average unit pressure over the whole area. 

I should like to emphasize that we have not succeeded, so far, in 
reproducing this natural structure in the laboratory. It is very unlikely 
that we shall ever be able to do so, because the building up of such a 
structure is chiefly dependent on the exceedingly slow process of natural 
sedimentation and consolidation. If we destroy the structure which 
nature has taken many centuries to build up, we cannot restore it. 

On the basis of the above explanation, the difference in the physical 
properties between the undisturbed and remolded states is easily under- 
stood. Remolding destroys the bond of highly consolidated clay be- 
tween the silt grains and causes the soft clay filler to surround the larger 
grains which have formed the structure. As a result, the consistency in 
the remolded state will be very soft — in extreme cases even above the 
liquid limit. 

As long as the bond of consolidated clay is not broken, the mate- 
rial is fairly elastic and has a considerable strength when loaded in an 
unconfined state. The strength depends mainly on the pressure under 
which consolidation has taken place in nature. The strain at failure 
decreases with increasing consolidation pressure and with increasing 
ratio between the stresses in the bond clay and the average stress. 
The more complicated the structure is, the larger the ratio will be. We 
should expect it to be especially large for clays which were deposited in 
salt water where thorough coagulation of the suspended clay has taken 
place before sedimentation; and, indeed, we find that the clays from 
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is Laurentian Valley, which are salt water deposits, are so brittle that 
ey break at a strain of only one-half to one per cent, a rigidity com- 
arable to that of concrete. Equally interesting is the fact that the 
tress-strain relationship is practically a straight line, which means that 


ais material is almost perfectly elastic up to the point of rupture (Fig. 
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5). It is really more elastic than either steel or concrete. Steel is elas- 
ic only up to the yield point, while the stress-strain diagram for concrete 
5 a curve; that means it is not elastic. 

Clays which are consolidated under only one or two tons per square 
pot, instead of the five to ten tons per square foot of the ae 
Jays, will not exhibit these properties in such a striking degree. ‘he 
‘ven samples of Boston clay consolidated at a depth of only forty teet 
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appear fairly hard and elastic if compared with the consistency after 
remolding (Fig. 15). 

The large difference in compressibility of a confined sample between 
undisturbed and remolded states is easily understood when considering 
the effect which remolding must have on the natural structure of clay. 
Before remolding, the load was carried by the structure formed of the 
larger grains and by the highly consolidated bond clay, while the soft 
filler carried almost no load. After remolding there is no such structure; 
only individual grains floating in a mass of almost liquid clay. If the 
clay were remolded in its original position in the ground, the whole load 
would have to be carried by the soft clay filler, which would have to 
adapt itself to the pressure by a considerable decrease in volume; or, 
in other words, the soft clay must consolidate under the load of the 
whole overlying soil, while in the undisturbed state it had to carry only 
a very small percentage of this load. 

The difference in compressibility between undisturbed and remolded 
states varies considerably in different clays. The magnitude of the 
difference may be considered a measure for the structural effect. It is 
likely that for a simple honeycomb structure the difference will be smaller 
than for a structure of that type shown in Fig. 14, consisting of a system 
of large honeycombs which incorporates the coarser grains, and of a 
honeycomb structure of second order, consisting of small clay grains 
and flocks of coagulated colloidal clay. These flocks in themselves re- 
present a honeycomb structure of a still smaller order. 

From the standpoint of the sampling and testing operations, it is 
important to know what happens within the clay when the external 
load is removed. Just as a spring or a sponge which is compressed 
will expand again when the load is removed, clay will slowly expand or 
swell when it is taken from the ground and immersed in water. How- 
ever, when kept away from water it cannot expand because the surface 
tension of the water in the microscopic voids is large enough to prevent 
any expansion. Thus we should expect that the internal stresses in an 
undisturbed sample, immediately after it is taken from the drillhole, 
do not change as long as there is no volume increase due to swelling. 
But even then, if no external water is available which the clay could 
absorb, following its tendency to swell, there is one possibility of a grad- 
ual reduction of the internal stresses by internal swelling. The highly 
consolidated bond clay tends to expand with a greater force than the 
soft clay filler within the structure. In other words, there is a tendency 
in the structure to deform in such a manner that the total volume of 
the material remains unchanged, but that the bond clay expands by 
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ae water from the soft filler. Such a deformation within narrow 
nits is physically very well possible, and there appears no reason why 
lis internal swelling should not take place. 

Now let us consider what will happen when the sample is com- 
essed in the consolidation apparatus. If there were no internal swell- 
.g, then there should be no compression of the sample up to the pressure 
4der which it was consolidated in the ground. If, however, internal 
welling has taken place, then the bond clay will begin to compress at 
such lower pressures (Figs. 9 to 12). The reverse process of internal 
welling cannot take place because the sample is confined during the 
st and not free to deform like an unconfined sample. To what extent 
aternal swelling or other causes, like non-uniform pressure distribution 
* the start of the test, participate in the initial compression is difficult to 
vecide. But we do know that clays, such as the Boston clay, which swell 
ppreciably under water show a much less distinct break in the undis- 
urbed compression curve (Fig. 12) than the Laurentian clays (Figs. 9, 
10 and 11), which swell only very little under water. It is, therefore, 
jrobable that also internal swelling is more important in the Boston 
lay than in the Laurentian clays. 
| If we cannot determine the undisturbed compression curve exactly 
fm accordance with the behavior of the clay in the ground, we like to 
‘now, at least, how far our test results may deviate from the correct 
surve. As an example, we examine the test results on the sample of 
Boston clay, shown in Fig. 12. The void ratio in the original state is 
‘epresented by point A on the vertical axis. The compression curve in the 
andisturbed state has a slight break at 0.8 kg./em.”, which corresponds 
*o the load under which the sample was consolidated in the ground. 
if the compression in the first part of the curve (from A to C) were 
exclusively due to the effect of internal swelling, then the correct or 
natural compression curve should be about like the dotted line through 
If external swelling and unequal load distribution were the 
ld be represented by the dotted line 
of the experimentally determined 


doint B. 
only causes, the natural curve wou 


through C, and would continue as part 
surve. The real position lies somewhere between these two dotted 


surves, and probably nearer to the lower curve which passes through 
point C. The same considerations apply to the tests on Laurentian 
slays. In Fig. 10 the correct curve lies probably nearer to point C than 
point B. The uncertainty in the position of the correct compression 
surve for the undisturbed state is of little importance when compared 
with the large difference between the position of the compression curves 
‘n the undisturbed and remolded states. 
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It is interesting to note that repeated loading and unloading of th 
undisturbed sample causes the compression curve to drop. In Fig. 1! 
is plotted only the first and the third run of five repetitions in order no 
to confuse the drawing. A tentative explanation of this phenomenon i 
that a rapid consolidation causes a breakdown of some of the arches o 
which the structure is formed. The fact that the second and third com- 
pression curves started above the original water content has no special 
significance. It only means that the undisturbed sample will swel 
beyond the original water content if water is available. 

The amount of compression recovered during the rebound is almost 
100 per cent in the undisturbed state, and about one-third or one-half 
in the remolded state. This is in agreement with our explanation of th 
natural structure of clay. As long as the structure remains intact, 
that is, as long as the bond clay is not broken in any point, a clay speci- 
men should be almost perfectly elastic, both in unconfined and confined 
compression tests. 


THE REMOLDING EFFECT OF PILE-DRIVING ON THE STRUCTURE 
OF CLAY 


Before I proceed to the application of these findings to the analysis - 
of the settlements of buildings, we must discuss the extent of disturb- 
ance of the structure of clay which is caused by pile-driving. In order 
to get conclusive data on this point some elaborate investigations are 
required. It would be necessary to drive single piles and pile groups 
into undisturbed clay. Then test shafts should be dug along the piles 
and groups of samples taken at different levels and tested for compres- 
sibility. In each level the samples should be taken at different distances 
from the pile, with at least one sample far enough away to be undis- 
turbed. At present such data are not available, and therefore we must 
form our opinion from indirect information which I am basing on the 
following data: 

1. Considerations of the character of the movement of clay which 
is displaced by the pile, and which is pressed upward between the piles 
(Fig. 16). 

2. The increase in driving resistance after the pile rests in the clay 
for some time, which is due to partial consolidation of the remolded 
clay surrounding the pile. 

3. Observation of the vibrations and the slight lateral flexure at 
each blow, and of the quaking and the jerky upward movement of the 


soil between the piles, carried out during the construction of a wooden 
pile foundation on Boston clay. 
: % 
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; As a result, I arrived at the following approximate estimate for 
piles of common dimensions: the clay immediately surrounding the pile 
to a distance of 14 diameter of the pile is completely remolded, and to 
a distance of 114 diameters it is sufficiently affected to result in a large 
increase in compressibility of the clay. 

It is well known that floating piles in clay and certain silty soils 
transmit their load to the soil largely through skin friction. I need 
only to refer to the extensive investigations by Terzaghi (12) and by 
the Whangpoo Conservancy Board (13). From these it follows that 
the point resistance in clay never exceeds 20 per cent of the total load 
at failure. At smaller loads the percentage decreases, and it is probable 
that for safe loads the whole pressure is transmitted by skin friction. 
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Although we know definitely that the load on the piles is trans- 
mitted into the clay chiefly by skin friction, we have no information on 
the distribution of the skin friction along the piles. This is an important 
point and will require elaborate experimental investigations on a large 
scale before any reliable assumptions can be made. This problem is un- 
usually complicated, due to the fact that the intensity and distribution 
of skin friction changes with the progress of consolidation of the clay 
between the piles. Unless the piles themselves facilitate the drainage, 
the consolidation will proceed from the surface downward, so that the 
shearing resistance of the clay, and therefore the skin friction along the 
upper portion of the piles, will increase before a similar increase can take 
place along the lower section of the piles. On the other hand, it is likely 
that in the course of time the relative movement between the piles and 
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the soil will mobilize a greater intensity of skin friction along the lower 
section of the piles, where this relative movement is largest. 

One must also consider the shape of the piles. Conical piles trans- 
mit more of their load into the upper portion of the soil layer than 
cylindrical piles. 

In the absence of more definite information we are forced to base 
our assumptions on purely theoretical considerations which have led me 
to believe that that portion of the total load which the soil at any given 
elevation has to carry can be represented, in the beginning, by a straight 
line, as shown by line A in Fig. 17. During the first part of the con- 
solidation process the distribution will gradually change to a convex 
curve, as shown by curve B, and during the later part into a concave 
curve, as shown by Cin Fig. 17. For the following computations we shall 
assume a straight line distribution. 

While the gradual distribution of the load which rests on the piles, 
into the soil, tends to decrease the total amount of settlement, the in- 
crease due to partial remolding of the clay outweighs this decrease by 
far. The major portion of this increase in settlement is not due to the 
load which is resting on the piles, but is due to the consolidation of the 
remolded soil under its own weight. The presence of the piles may retard 


this part of the compression, but it cannot reduce materially its total 
amount. 


SETTLEMENT OF BUILDINGS FOUNDED ON PILES AND WITHOUT 
PILEs — A COMPARISON 


The Boston clay, represented by Fig. 12, is consolidated under its 
own weight of 0.8 kg./cm.?.. An additional load of 1.0 kg./em.’ will 
cause a compression from a void ratio of 1.14 to 1.10. If the clay were 
completely remolded it would compress under its own weight from 
1.14 to 0.95, and the additional load will cause a further compression to a 
void ratio of 0.88. The compression in the remolded state would be six 
and one-half times larger than in the undisturbed state. Due to the 
linear load distribution along the piles, only one-half of the decrease 
from 0.95 to 0.88 should be taken into account, which would reduce the 
increase in compression to five and one-half times. A further reduction 
is due to the fact that the material between the piles is not completely 
disturbed. The percentage of disturbed material depends chiefly on 
the spacing of the piles. Even if we make a liberal allowance for any 
undisturbed and partially disturbed material, we cannot expect that 
reduction in compressibility will be more than 50 per cent, but probably 
much less. A reduction of 50 per cent would mean that the clay between 
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‘the piles would compress two and one-half or three times as much as 
‘without piles. 

As far as the settlement of the clay below the piles is concerned, 
it is also increased by the presence of the piles, due to the fact that the 
load is not spread over a wider area as would be the case without piles. 

In the case of the Laurentian clays, the unfavorable influence of 
piles is even more striking. Let us consider a clay as represented by 
Fig. 11, which was consolidated under a pressure of about 8 kg. /cm.’, 
and, by erosion, has lost most of the overburden and is exposed to a 
pressure of 1 kg. /cm.’. If the load is increased by the weight of a 
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building to 2 kg. /cm.’, the soil will gradually compress from a void 
ratio of ey=1.050 to e2= 1.040. If the soil were completely remolded, it 
would have to undergo a compression under its own weight from e; = 1.050 
to e,;=0.865, and, due to the additional load, to e;=0.805. For the 
remolded state the compression would be twenty-four times larger than 
for the undisturbed state, or, with proper corrections for load distribu- 
tion along the piles and partial disturbance, about eleven times. 

In order to visualize what these figures mean, let us assume four 
cases in which the same building is founded on two types of homo- 
geneous Clay without and with piles, shown in Fig. 18a. 

The total building load of 1.5 tons per square foot is reduced by 
an excavation of 10 feet of fill to 1.0 ton per square foot. Case A repre- 
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sents a mat foundation without piles. Case B represents a pile founda- 
tion with a 40-foot embedment in clay. The settlements were computed 
for the Laurentian clay (Fig. 11) and the Boston clay (Fig. 12), and 
are assembled in time-settlement diagrams in Figs. 185 and 18c. 

Let us compare the settlements in these four cases twenty years 
after construction: 


Laurentian clay: Inches 
No piles 4 ‘ ; 3 : ’ 3 . TH 
With piles. ; F : ; : : : . 93% 

Boston clay: 

No piles 5 3 : 3 ; : ‘ : eG 
With piles. ’ : : : 3 P ; rag We 


These figures need no further interpretation. Some of you may ask 
how it is possible that in the case of the Laurentian clays the disastrous 
effect of pile-driving was not discovered before. One reason, and per- 
haps the only one, is the tricky nature of this clay, which succeeds 
remarkably well in hiding its true character beneath a layer of a very 
soft, sticky material into which the bottom of every excavation pit is 
turned by the construction activities. And the soil auger or ordinary 
drilling methods furnish the engineer with a clay which is equally well 
remolded. No wonder that the soil is considered a very bad foundation 
material, and that piles, the traditional cure for bad soil conditions, are 
called into action. ; 

However, without the use of piles, these well-consolidated Lauren- 
tian clays will sustain any reasonable load without excessive settle- 
ments. For the Boston clay the situation is different, because also 
without piles the settlements are still too large, unless the building is 
specially designed to withstand such settlements without harm. 

The remolding of the clay by pile-driving affects not only the 
amount of settlement, but also its rate. The rate of consolidation is 
determined by the coefficient of consolidation which is the quotient of 
the permeability and of the compressibility of the clay (9). If remold- 
ing increases the compressibility and leaves the permeability unchanged, 
the coefficient of consolidation will become smaller. However, the piles 
may facilitate the drainage of the clay on account of the fact that con- 
crete, as well as wood in the direction of the fibers, offers less resistance 
to the penetration of water than the clay itself. We should, therefore, 
figure with a larger permeability of the clay along the piles. As a result, 
the coefficient of consolidation would perhaps not be much different 
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from its value in the undisturbed state. On this assumption are based 
the examples represented in Fig. 18. Such a procedure is, of course, 
ppen to criticism. 

The amount and the rate of compression of a clay which is remolded 
by pile-driving remain more or less of an estimate, as long as no further 
wesearch is done; in the undisturbed state, however, these factors can 
ibe determined with a sufficient degree of accuracy. 

Another problem for further investigation is the effect of the dis- 
turbance of the clay by pile-driving on the settlement of adjacent build- 
fangs. The reduction in lateral support may cause a new period of 
settlement for buildings which have reached already a stable position. 

The economic waste of floating pile foundations in clay was first 
rpointed out by Terzaghi, who has reached this conclusion from theoret- 
‘ical considerations as well as from extensive observations of the settle- 
ment of buildings founded with and without piles. (12) and (20) 


| 
) EXCAVATION THE ONLY RELIABLE METHOD FOR REDUCING 
; SETTLEMENTS 


| 
| Is there a way to reduce the settlements without reducing the 
! 


‘building load? We have employed such a method already in Fig. 18a 
‘without paying special attention to it. The building load is 1.5 tons 
per square foot, but on account of a 10-foot excavation the pressure on 
‘the clay is reduced to 1.0 ton per square foot. If the building were put 
‘right on the surface of the ground, the pressure on the clay, and, there- 
fore, also the settlements, would be 50 per cent greater. By excavating 
more soil we can reduce the settlements to any desired amount. An 
‘excavation of 27 feet would lighten the load by exactly the same amount 
which represents the building load. That means, after construction of 
the building, the pressure on the clay would be the same as that under 
which it is consolidated. Consequently there would be no further con- 
solidation or settlement (provided no piles were driven into the clay).* 

I have herewith stated the fundamental principle for the design of 
building foundations on clay, where firm rock, sand or gravel are not 
within reach. I repeat it in a modified way: 

Lighten the load by excavation so that the settlement due to consolida- 


tion of the clay will not exceed an arbitrarily fixed limit. 


the excavation pit is open can be neglected for two 


* The effect of swelling of clay during the period ; 
ection that a reduction of 50 per cent in pressure, 


reasons: (1) the rebound curve is so flat in its first s I : 
and sufficient time, would cause an amount of swelling which is very small in comparison with the consoli- 


dation along the compression curve (Figs. 10 and 12); (2) the period during which the load is removed is 
too short to cause any noticeable swelling, except in a thin surface layer. 
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In Fig. 19 are assembled a few typical foundation conditions and 
the solution which suggests itself on the basis of the preceding discussion. 

Case 1.— Homogeneous clay deposit. Raft foundation without 
piles. Depth of excavation to be computed from the theoretical time- 
settlement curve and the permissible rate of settlement. 

Case 2. — A soft, very compressible stratum of fill, muck, or un- 
consolidated clay upon a firmer clay deposit. Excavate the soft stratum 
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down to or into the firm clay and use a raft foundation without piles; 
or use open caissons, with enlarged bells at their bottoms, such as Gow 
caissons, for transferring the load into the clay. Depth of excavation 
to be decided as before. 
Case 3.— Dense sand on clay. Raft foundation without piles. 

Excavation as before. 

Case 4. — Loose sand on clay. Raft foundation without piles, or 
with piles for the purpose of compacting the sand. Excavation as 
before. 
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Case 5. — A soft, very compressible stratum (fill, muck or uncon- 
solidated clay); below this, a layer of sand, underlaid by clay. When 
the soft top stratum is not too thick, it should be excavated and a raft 
foundation put on the sand. Should this not seem feasible, then the 
load must be transferred into the sand by means of piles, or, for a very 
thin sand layer, by means of open caissons resting with the bell on the 
sand. Under no circumstances should piles be driven through the sand 
into the clay! Depth of excavation should be determined as before. 

Quite often the soil conditions are not as regular as shown in Fig. 19, 
and the resulting complications will require special studies in order to 
find a satisfactory solution. For a case such as that shown in Fig. 20, 
one has to expect much larger settlements on the right-hand side, where 
the sand layer is very thin and underlaid by unconsolidated clay. When 
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such conditions are encountered, and when unequal building load dis- 
tribution is not considered feasible, the only safe foundation method is 
to reduce the magnitude of the settlements to a very small quantity, 
or to zero, by means of excavation. 


EXCAVATION MAY BE EXTENDED LATERALLY AND USED AS INSULATION 
or BUILDING AGAINST VIBRATIONS 


The depth of the necessary excavation may often be reduced by 
a lateral extension beneath the sidewalks, as shown in Fig. 21. This 
design allows a very fortunate incorporation of an insulation trench 
for eliminating the transmission of vibrations into the building. This 
excellent insulation against vibrations which such an arrangement in- 
sures has been demonstrated by research carried out in Germany dur- 
ing the past few years. As a result, several new office buildings in Ger- 
man cities have incorporated this feature in their design. 


194 BOSTON SOCIETY OF CIVIL ENGINEERS 


Truss FouNDATIONS NECESSARY TO INSURE RIGIDITY 


The settlements of a building founded on clay with individual 
footings is never uniform, not even on perfectly homogeneous ground. 
On the other hand, the superstructure is not designed for such deforma- 
tions. In fact, the design of the superstructure is based on the assump- 
tion that no differential settlement will occur. If in many cases the 
effects of non-uniform settlements do not seem to harm the buildings, 
it is due to the slow rate of subsidence which allows the structure to ad- 
just itself. Besides, even if the building is not suffering to any great 
extent, there is continuous trouble with the cracking of the pipe lines 
and the scaling of the plaster, etc. In all cases, where non-uniform 
settlements proceed at a fast rate, the buildings themselves may be 
seriously harmed. 
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In my opinion a foundation must be designed so that for any pos- 
sible stress distribution no harmful differential movements can occur 
in the same building. This does not mean that the building must not 
settle, but it means that the foundation should be rigid enough to pre- 
vent any appreciable bending. A foundation slab alone cannot accom- 
plish this in an economical way. In order to make a raft foundation 
rigid enough, and at the same time not excessively heavy, it must be 
designed as a truss, combining as its members the whole basement. 
The system which seems best suited for this purpose is the Vierendeel 
truss, consisting of rigid frames (Fig. 21), as it was for the first time 
applied in the Telephone Building in Albany, New York (Fig. 27). 

In this connection arises the question of the distribution of soil 
reaction beneath a rigid foundation, or the reciprocal problem of the 
curve of deflection beneath a uniformly loaded area. Both depend en- 
tirely on the elastic properties of the soil. 
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As long as the modulus of elasticity of the soil is constant, that is, 
independent of the magnitude and the ratio of the principal stresses, 
we may apply the equations which Boussinesq has derived for the stress 
distribution and the deflection beneath a point load (24). The integra- 
tion of these equations for arbitrary loaded areas is rather involved, and 
one must often be satisfied with approximate solutions. Such compu- 
tations show that the deflection beneath a uniformly loaded area is as 
shown in Fig. 22a, with a maximum at the center of the area. The 
stress distribution beneath a rigid area is represented in Fig. 226. The 
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stress has a minimum at the center of the area and is, theoretically, in- 
finitely large at the edge. Practically the distribution is as shown by 
the full-drawn curve in Fig. 22b, on account of the fact that Hooke’s 
law is not valid in the vicinity of rupture, for any material. 

Soils which are sufficiently elastic so that Figs. 22a and 22b would 
apply, are undisturbed clays of the type of the Laurentian clays or the 
Albany clay. As consolidation of the clay proceeds under the building 
load, the stress distribution beneath a rigid foundation seems to change 
gradually and to become more uniform. 


That the stress distribution on clay and similar soils beneath rigid 


areas must have a maximum near the edges, can be concluded indirectly 
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from settlement observations on uniformly loaded areas which assume 
a dished shape. Striking examples are discussed by Mr. Lazarus White 
in (14). However, no experimental evidence is as yet available on the 
stress distribution in clays. 

For most soils, especially for cohesionless sand, the modulus of elas- 
ticity is not a constant, but increases about proportionally with the 
smaller principal stress. As a result, the soil beneath the central part 
of a loaded area, which is confined by a large horizontal stress component 
(minor principal stress), undergoes a smaller deformation than in a per- 
fectly elastic material. Therefore the deflection beneath a uniformly 
loaded area becomes a maximum at the edges and a minimum beneath 
the center, as shown in Fig. 22c. The stress distribution beneath a rigid 
area has a maximum at the center and a minimum along the edge, as 
shown in Fig. 22d. Extensive experimental investigations on the defor- 
mation and stress distribution beneath loaded areas on sand were car- 
ried out by Strohschneider, Enger, Goldbeck, Kégler and Scheidig. An 
excellent summary of these investigations, with references, is contained 
’ in the publications by Kégler and Scheidig (15) and (16). Scheidig re- 
fers, also, to observations on buildings founded on sand which have 
settled in accordance with the results of small scale tests shown in 
Fig. 22c. (16) The settlements at the ends of the buildings were so 
much greater that serious cracking of the walls developed. 

We arrive at the final conclusion that the stress distribution beneath 
rigid areas may be either concave or convex, depending on the elastic 
properties of the soil, and that the stress distribution on clay and similar 
soils may undergo considerable changes in the course of time. In order 
to be absolutely safe, the design of a truss foundation should be based 
on the extreme possible distributions, represented by curves I and III 
in Fig. 22e. At first consideration it appears too costly to base the de- 
sign of the truss on so widely different stress distributions. In reality, 
a somewhat heavier reinforcement in some sections of the upper and 
lower chords of the truss is sufficient to assure safety against any dis- 
tribution of soil reaction and its change with time. Such a procedure 
is especially desirable where sand and clay layers alternate, or when older 
adjacent buildings have caused consolidation of the soil along one or 
several sides of the new building. 

A non-rigid foundation mat or individual spread footings may be 
used when the total settlement will not exceed about one inch. Such 


cases are foundations on rock, or on gravel and sand which are not under- 
laid by compressible soil layers. 
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CORROBORATIVE EVIDENCE FROM OBSERVATIONS ON BUILDINGS 


I consider myself very fortunate that I have had at my disposal 
observations on existing structures which support my contention that 
piles driven into undisturbed clay increase the settlements. 

The first case is represented by a group of buildings founded on 

. Boston clay. In Fig. 23 is assembled all information pertaining to our 
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problem, that is, the distribution of load, the soil profile, the depth to 
which the piles are driven, and the settlements at different periods after 
construction. 

The clay is fairly homogeneous and approximately of uniform 
compressibility, except for a very soft layer above elevation —10 at 
the extreme left. The thickness of the compressible clay layer varies 
between 55 and 85 feet. 

Taking into consideration the differences in thickness of the clay 
layer and the differences in load, the settlement curve after sixteen 


198 BOSTON SOCIETY OF CIVIL ENGINEERS 


years should show much less variations, and the maximum settlement 
should be smaller than is represented by the actually observed settle- 
ment curve. Due to the disturbance of the clay structure, the settle- 
ment is much larger in those sections where the piles penetrate into the 
clay. The effect of the disturbance spreads a short distance beyond 
the region of the disturbance, so that the undisturbed regions between 


zones of disturbance show also larger settlements. This is partially due _ 


to a decrease in lateral support of the undisturbed clay mass. 
The considerable settlement on the extreme left is due to the less 
consolidated clay above elevation —10 and a slight load concentration. 
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Fic. 24 


The depression between sections B and C is due to a load concentration. 
The sudden increase of subsidence to the left of section D can only par- 
tially be explained by the larger load. The fact that the sudden drop 
coincides with the border line of undisturbed and disturbed soil, and 
not with section D where the load increase starts, is a remarkable evi- 
. dence for the disturbing effect of piles. 

Some inconsistencies, when comparing the settlements during the 
first year with those during a subsequent period, are due to the fact that 
we do not know the accurate amount of settlement during the first 
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months of construction. The actual settlement during the first year 
is probably much greater than shown in Fig. 23. 

The second example is represented by an extensive study of the 
causes of the settlements of an existing building which was carried out 
by Professor Gilboy (17). Fortunately, the report on this investigation 
will soon be available in published form, so that I can refrain from 
going into detail and just state those results which pertain to our 
discussion. 

The object of this investigation was a building with a pile founda- 
tion on Boston clay. The embedment of the piles in the clay is between 
20 and 25 feet. Undisturbed soil samples were taken from different 
elevations, and compression tests were carried out on all the samples 
in the undisturbed and remolded states. In the computation of the 
theoretical settlements the remolding of the clay was taken into con- 
sideration. A comparison of the theoretical and actual settlements 
indicates a very good agreement. The actually observed settlements 
for the present time vary between 6.5 and 8.5 inches, and the computed 
settlements between 6.0 and 8.2 inches. The progress of the subsidence 
with time is shown in Fig. 24. The circles represent the observed values, 
and the curve represents the theoretical relation between time and 
settlement. Fifty years after construction the settlement will be 14 
feet. The total settlement will increase in the course of about two hun- 
dred years to a value of 24 feet. 

The question arises whether, in this case and the one cited before, 
the settlements would have been reduced to a tolerable amount if the 
clay had not been disturbed. The reduction of the settlements would be 
between 30 and 50 per cent; that means the settlements would still be 
considered too large. Consequently, one would have to lighten the load 
by an appropriate excavation, or transfer the load to rock by means of 
one of the modern methods (open caissons, steel piles, etc.). 

In discussing these cases, there is no intent to criticize the designers. 
At the time when these buildings were planned almost nothing was 
known about the causes of the settlements of structures founded on 
clay. 1. 
As the third example, I have chosen a case which, in my opinion, 
represents a well-designed foundation. It is the Albany Main Tele- . 
phone Building in Albany, New York. (21) 

The Albany clay, on which this building is founded, is a non- 
homogeneous deposit consisting of very thin layers of highly plastic 
clay, alternating with layers of silty clay, cohesionless silt and very fine 
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sand. The variations in water content and plasticity of an undisturbed 
block of 414 inches total thickness are shown in Fig. 25. 

Without going into a discussion of the physical meaning of the 
plastic and liquid limit of clay (11), I wish only to point out that the 
larger the difference between these two limits, the more plastic and 
the more compressible is the clay. For comparison I call your atten- 
tion to layers VI to IX as being most nearly like the Boston clay. About 
one-third of the material is twice as plastic, and in remolded state ap- 
proximately twice as compressible, as the Boston clay. The remainder 
compares closely with the Boston clay. The total thickness of the co- 
hesionless material is small. However, its importance from the stand- 
point of rate of settlement ‘s tremendous, as was first pointed out by 
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Professor Terzaghi. Each sand and silt layer represents an excellent 
means for draining off the water which is being squeezed out of the clay 
under the building load, provided that these layers have, somewhere, a 
free outlet. For perhaps the greater part of the depth of this clay such 
outlets actually exist. Consequently, a part of the total compression 
will occur at a very fast rate, starting during construction. . (Fig. 26, 
curve A.) The balance will follow a consolidation curve similar to that 
for the Boston clay. As a result, we have a time-settlement curve which 


shows a very large subsidence during the first year, and then leads over 


to a very slowly progressing settlement. The actual shape of the time- 
d only on the basis of extensive 


settlement curve could be determine 


field and laboratory investigations. ; 
The structural effect is very pronounced in the Albany clay. In 


the undisturbed state this clay appears brittle, and it is considerably 
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harder than Boston clay. When remolded it becomes very soft and 
sticky. These characteristics are nearer to the Laurentian clays than 
the Boston clay. The difference in compressibility between the undis- 
turbed and the disturbed state is probably much larger than for the 
Boston clay, but smaller than for the Laurentian clays. 

The fast rate of settlement and the large increase in compressi- 
bility of that portion of the clay which is disturbed by pile-driving 
account for the serious settlements which were observed in Albany, 
especially on some newer buildings on pile foundations. 

The design of the foundation which was adopted for the Telephone 
Building after careful studies is shown in Fig. 27. It represents a truss 
of the Vierendeel type, which is designed so strong that it can resist 
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any distribution of soil reaction without rupture or any appreciable 
deformation. The total building load of 4,500 pounds per square foot 
is reduced to about one-half by an excavation of 20 to 25 feet of soil. 

The progress of settlement with time and its relation to the loading 
of the ground is represented in Fig. 28, which is based on data supplied 
through the courtesy of Mr. W. H. Mueser. No settlements occurred 
during construction as long as the load was less than the weight of the 
excavation. As soon as this point was exceeded the structure began 
to settle. The shape of the time-settlement curve indicates that 80 
per cent consolidation was reached within about four months after 
application of the load. 

For one-half of the building area the settlements average about 114 
inches, with a variation of 14 inch. Fig. 28 represents a typical settle- 
ment curve for this section of the building. Toward the north end of 
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the building the settlements increase gradually to a maximum of 2% 
inches. j : 
als From Fig. 28 we can estimate that the settlement of the building 
if it were placed directly on the ground surface, would be about ibiree 
times greater, that is, between 4 and 7 inches. If, in addition, the clay 
were remolded by pile-driving, we should have to anticipate settle- 
ments of at least 10 inches during the first year after construction. 
Such large settlements may not be harmful to a building on a well- 
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designed truss foundation, but they would certainly cause very serious 
damage when founded on individual footings, on account of the inev- 
itable large variations in settlement in different parts of the building. 

I have more information from other places which corroborates the 
conclusions drawn from our research work. In part, this information 
is qualitative and should be supplemented by quantitative data before 
making it public. Other data I have received under the condition of 
keeping them confidential. Business interests and a false feeling of 
shame regarding unsuccessful foundations are the two main reasons 
why such cases. are often kept secret instead of being made the object 
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of careful investigation for the purpose of understanding the causes of 
excessive settlements. Records of other interesting settlement observa- 
tions are included in the publications of Professor Terzaghi, particularly 
(18), (19) and (20). 

Note on Unsymmetrical and Concentrated Loading. — As stated in 
the introduction, the design of foundations for concentrated or unsym- 
metrical loads is often determined by the safety against rupture of the 
soil. For this reason piles are sometimes the only means of protection. 
This applies especially to harbor construction (Fig. 1). 
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However, in view of the fact that the driving of ordinary piles, 
especially in groups, has the serious disadvantage of increasing the set- 
tlements of the structure, one should try to use steel sheet piles for such 
foundations. An excellent example is shown in Fig. 29. (23) The 
abutment of this bridge is founded on homogeneous clay of such a char- 
acter that a pile foundation would have been used by most engineers. 
However, the design in Fig. 30 is by far superior. The steel sheet piling 
surrounding the spread footing reduces the settlement due to lateral 
deformation of the clay and makes the foundation safe against rupture 
of the soil. The clay below the foundation remains, undisturbed, and 


therefore will undergo a minimum of settlement if compared with other 
possible designs of this foundation. 
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FURTHER RESEARCH NECESSARY FOR DEVISING SIMPLIFIED 
PROCEDURES 


The last question which I should like to touch upon briefly is that 
of the possibility of determining the settlements on clay by simpler 
methods than by expensive core borings and elaborate testing of the 
samples. The most obvious idea is that of loading tests. I thought for 
some time that it should be possible to derive somehow, from loading 
tests on clay, the settlements which a building will undergo. However, 
I have definitely come to the conclusion that this is not possible. We 
may from such tests get an idea of the strength of the clay, and we can 
very well decide whether a clay layer is consolidated enough to sup- 
port a building without excessive lateral deformation, but we cannot 
tell what the settlement will be, nor at what rate it will proceed. Two 
soils may give identical results in loading tests, while under the same 
building load one may settle 3 inches and the other 20 inches within the 
first ten years. 

To discuss this matter properly would take. too long, and I must 
satisfy myself with a short explanation. The compression of the clay 
under a small area affects the clay mass to a proportionally smaller depth. 
If a building settles one foot in the first ten years, it may correspond to 
a compression due to volume change of about one-quarter inch for a 
load test on one square foot (Fig. 30). However, even if the loading 
test were continued with utmost accuracy over many months or a whole 
year to get part of the consolidation curve, and if we should succeed in 
solving the difficult problem of three dimensional consolidation, we 
should still have to eliminate the unknown portion of settlement due to 
lateral deformation. 

In the case of the building load the relative importance of the 
lateral deformation, if compared with the compression, is small as long 
as the clay is at all consolidated enough for bearing loads. For the pur- 
poses of building construction it is sufficient to assume that the settle- 
ment due to compression is the whole settlement which is to be expected. 
However, in loading tests the larger portion of the settlement is due to 
lateral deformation. For this reason the compression under a large 
area cannot be derived from a small-scale loading test. 

Loading tests on piles resting in clay inform us about the maxi- 
mum load which a pile or a group of piles will carry without movement 
relative to the soil.* But regarding the compression of the soil itself, 


* Load tests on piles are of special importance in underpinning work. (22) 
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and the settlements which a building will undergo in the course of time, 
pile loading tests do not yield any information whatsoever. This point 
was brought out clearly by Terzaghi in (12), where he concluded: ‘‘The 
essential part of the problem consists of studying the effect of the load 
on the ground located around the piles and beneath the points. Yet 
building codes are satisfied with specifying the load per pile, disregard- 
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ing the true cause of future complications.”” A pertinent treatment of 
this subject is also contained in a recent paper by J. S. Crandall. (25) 

It is reasonable to expect that simple methods other than loading 
tests will eventually be developed which will provide for an approximate 
solution of the problem without resorting to the rather elaborate tests 
and computations now required. Such development would have to be 
based on a thorough exploration of the underground of a particular 
locality, and a subsequent correlation of the consolidation characteristics 
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of the clay with the results of some simpler test procedure. Success 
along this line can be expected only when engineers realize the impor- 
tance of such studies and co-operate in the establishment and support 
of research organizations in various parts of the country. 


CONCLUSION 


I have tried to illustrate that the whole problem of building founda- 
tions on clay boils down to these two simple principles: first, do not dis- 
turb the natural structure of the clay; if you do, no human being ts able | 
to restore its original strength; second, decide on a certain rate of settlement 
which you do not wish to exceed, and determine that pressure which will 
cause this rate of settlement; the difference between the building load and 
the above pressure is the weight of soil which must be removed before erect- 
ing the building. 

A definite bearing value of clay does not exist. As long as engineers 
are guided by building codes containing definite bearing values for clay, 
they are consciously or unconsciously guessing without any assurance 
in their own minds that they are guessing correctly. 

The engineer must learn that the kind of questions he asks an 
expert regarding the properties of a clay underground should not be, 
“How much load may I put on this soil?” Or, in an apparently more 
scjentific manner, ‘‘What is the bearing capacity or the bearing value 
of this clay?’’ His question should be, ‘‘ How must I design my founda- 
tion so that the rate of settlement under the given building load will not 
exceed certain limits?” 

After the engineer has obtained this information, it is up to him to 
decide if such a foundation is feasible from a financial standpoint. With 
the increasing efficiency of modern foundation methods* the possibility 
of transferring the loads to rock or firm soil in great depths has to be 
considered in many cases where, not long ago, such a procedure would 
have been prohibitive in cost. 

I realize that I have presented to you ideas which are radically 
different from traditional engineering ‘practice, and on this account I am 
expecting many unfavorable reactions. But I do not expect any one to 
believe what I have said without first convincing himself of the truth by 
his own studies. This conviction will come only by studying the evi- 
dence from field observations such as that presented to you in this 
lecture and contained in the forthcoming report by Professor Gilboy ; 
by careful personal observation of all factors influencing the settlement 


* Chicago well method, different types of open caissons, steel tube piles, etc. (22) 
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of structures; and by keeping in close touch with the experiences of 
other engineers. From the standpoint of progress, it is of utmost impor- 
tance to analyze unsuccessful foundations and to bring the facts to the atten- 
tion of the whole engineering profession by unrestrained publication. 
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Discussion 


CHARLEs M. SporFrorD:* This paper is a notable addition to the 
literature on foundations and is worthy of the thoughtful consideration 
of all engineers responsible for the construction and design of founda- 
tions bearing upon clay. The fact that laboratory tests show that some 
clays lose much of their resistance to compression by being remolded is 
of much importance, and the explanation presented by the author for this 
reduction is interesting and plausible, even if not supported by rigid proof. 

The hypothesis that the driving of piles into clays similar to those 
tested in the laboratory reduces their compressive resistance in the 
same manner as has been found to occur in the remolding of laboratory 
specimens seems reasonable, and offers an explanation of the greater 
settlement which has been observed in certain cases of structures sup- 
ported on piles as compared with structures supported upon a con- 
tinuous foundation bearing upon similar soil. The writer hopes that the 
Soil Mechanics Laboratory at Technology will, in time, find it possible 
to obtain conclusive data upon the condition of clay which has been 
disturbed by pile-driving and by the jacking of piles as is done in the 
installation of pre-test piles in order to test the validity of the foregoing 


hypothesis. 


and in charge of Department of Civil and Sanitary En- 
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While the method to be used for distributing the weight of any 
given structure over a clay foundation must continue to be based on 
economical factors determined both by the original cost and the cost of 
upkeep of the structure, its correct determination involves the securing 
of as complete data as possible upon the probable magnitude, uniformity 
and rate of settlement, and the researches being conducted by the 
author and the others connected with the staff of the Soil Mechanics 
Laboratory are, in the writer’s judgment, adding greatly to the data 
available for making such decisions. 

In conclusion, the writer wishes to congratulate the author of the 
paper upon the thoroughness of his investigation and the clearness with 
which he has presented the subject, and to express the hope that it will 
be freely criticized by all who may hear or read it in order that all possible 
phases of the problem may be brought to the attention of the author and 
receive his careful consideration. 

FRANK A. MArston:* The more experience one has in the examina- 
tion and testing of clay soils, the more impressed one is with the need 
for research regarding the characteristics and behavior of those soils, 
composed entirely of very fine grains. Grain size alone is not neces- 
sarily a controlling factor from which the behavior of the material can be 
predicted. For comparing samples of clay from various sources, grain 
size may be quite misleading as a means of determining other character- 
istics. This being true, it is no wonder that judgment based solely on 
visible characteristics has, at times, been found unreliable even in the 
case of experienced observers. 

The shape of the grains has a distinct effect on such characteristics 
as compressibility and plasticity. This has been demonstrated by 
experimenting with powdered minerals that break up into scale-like 
particles, as, for example, tests by Dr. Glennon Gilboy + on the com- 
pressibility of mixtures of sand and mica, the sand being composed of 
bulky grains of uniform size, and the mica of scale-like grains of similar 
size. 

From such tests the indications are that clays containing a large 
percentage of scale-like particles, like bentonite, will be found to be 
highly plastic, very compressible and quite elastic. 

Soils formed by deposition in water vary greatly in structure, de- 
pending on the rapidity with which they were deposited and the man- 
ner of consolidation. An interesting illustration of this is the relative 
consolidation of ocean beach sands. 


* Partner, Metcalf & Eddy, Boston, Mass. 
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At Daytona Beach, Florida, well known for the hardness of the 
beach surface when exposed at low tide (permitting automobile speed 
tests), the sizes of sand grains were much the same as on the beach one 
mile above Ormond, Florida, where the surface was too soft to permit 
automobile traffic. The chief difference in these two sands appeared 
to be in the volume of voids, the softer sand mass having the larger per- 
centage of voids. 

Recently I examined a trench about 30 feet deep and 10 feet wide 
which was being excavated in blue-gray clay by means of a heavy clam- 
shell bucket operated from the trolley of a trench machine. When the 
bucket was dropped from a height of 5 feet on to the clay bottom there 
was a ringing sound from the impact, indicating the compact nature 
of the clay. The sound was not unlike that when such a bucket strikes 
soft shale rock. When this clay was disturbed, however, it became soft, 
very wet, sticky and difficult to walk in. Apparently it was of a structure 
of considerable compressive strength until disturbed, and then it was 
completely altered as an excess of water was released. 

Compression tests on clays in an undisturbed state, described by 
Mr. Casagrande, as compared with tests on the same clays after having 
been remolded, show much smaller changes in volume in the undis- 
turbed state. 

Apparently certain clays have a form of structure that permits of 
a high void ratio and still offers considerable resistance to changes in 
volume. When, however, this structure is broken down, the water filling 
the voids is released and the once stiff clay becomes very soft and plastic. 
One sample in particular, a Laurentian clay from Canada, exhibited this 
characteristic to a remarkable degree. 

It would be interesting to know if Mr. Casagrande has found a 
clay in which there was but little difference in consolidation between 
the undisturbed and disturbed samples. 

If the characteristic above referred to is dependent on a sort of 
‘‘honeycomb’’ type of structure, it is reasonable to expect that some 
clays will show it to a much greater degree than others. 

Have tests been made to show a difference in consolidation, if 
pressure is applied perpendicularly to the bedding plane of the Lauren- 
tian clay and in a line parallel with the plane? 

Has an analysis been made of the Laurentian clay to see whether 
it is composed largely of constituents breaking down into scale-like 
particles as was done with bentonite by Messrs. Ross and Shannon?* 

Do the results of the tests with Laurentian clay indicate a confir- 
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mation of Dr. Terzaghi’s hypothesis that the compressibility and elastic 
rebound of soils seem to be controlled by the greater or smaller abun- 
dance of scale-like particles?* Or is it possible that there may be clay 
composed largely of bulky grains arranged in a structure of the honey- 
comb type that will exhibit a great variation in compressibility, de- 
pending on whether or not its structure is disturbed ? 

‘In closing, the writer wishes to express his appreciation of the valu- 
able paper Mr. Casagrande has presented. 

‘J. Sruart CRANDALL} Mr. Casagrande has described some of those 
physical characteristics of clay which are of vital interest to engineers. 
The marked difference between the rates of settlement of natural and 
remolded clay is of great importance in foundation design. 

Building codes very definitely limit the allowable loads on various 
soils, but are extremely vague as to the classification of these soils. 
Furthermore, in clays the allowable loads do not take into account 
varying rates of settlement or the thickness of the beds. The sugges- 
tion that allowable loads be based on a limited settlement for the entire 
structure is a most logical one and merits serious consideration. 

There is a provision in some building codes permitting the unit 
load intensity on soil underlying the foundation to be calculated as if 
distributed through the overlying bed at an angle of 60° with the 
horizontal. For isolated structures this procedure may be permissible. 
For closely adjacent structures, as in cities, it is a false assumption, 
for the soil at either side is stressed by the structure over it. Therefore 
it seems more logical to require that the unit load on any substratum 
be considered the same as that directly under the foundation. 

The relationship between the results with remolded clay and piles 
driven in clay is very significant, and apparently explains in part the 
frequently observed discrepancy between the rate of settlement of indi- 
vidual piles under test and that of an entire structure. This discrepancy 
is due in part, also, to the marked difference between the stresses in the 
soil produced by a single pile and those produced by a group of piles. 
In designing pile foundations for any soil, it would seem logical to require 
that the stress in the soil at the level of the points be considered the same 
as the unit intensity directly under the structure, and that the allowable 
unit load be chosen on the basis of a limited settlement over a given 
period, say one year. For piles driven in clay, it would seem reasonable 
to limit the allowable load on the soil at the level of the points to a frac- 
tion, possibly one-half for Boston clays, of the normal allowable load in 
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order to compensate somewhat for the accelerated settlement due to the 
remolding of the clay during driving. 

a conclusion, let me recall an excellent editorial on ‘Building 
Codes in the ‘‘Engineering News-Record” of November 13, 1930, of 
which the following is an excerpt: 


Their [Building Codes] prescriptions are usually narrow, partly with a view of 
enabling men unskilled in building science to apply them, and partly with a view to 
facilitate control by a highly superficial system of inspection on the part of the public 
building authority. They are not only narrow but rigid... . It leads to the further 
question whether it is not appropriate to the demands of present times to turn rather 
decidedly away from fixation and seek to make building codes invite new materials 
and methods rather than discourage them. 


Mr. Casagrande’s research indicates the need for new methods for 
determining the allowable loads on clays. It is the task of engineers 
to collaborate in the development of these methods and in putting them 
into effective use. 

Irvinc B. Crospy:* Mr. Casagrande has given an excellent dis- 
cussion of the physical properties of clay. The knowledge obtained by 
these researches on clay has important applications, some of which Mr. 
Casagrande has described, and I wish to discuss a case in which both 
soil mechanics and geology were used to solve a difficult and important 
problem. 

There is a close relation between geology and soil mechanics. 
Geology deals both with hard rocks and with unconsolidated deposits, 
such as clay, sand and gravel, while soil mechanics deals only with the 
latter. Part of the study of the unconsolidated sediments is strictly in 
the field of geology, part is in the field of soil mechanics, and part is on 
the border line. The deposition, arrangement and alteration of sedi- 
ments are strictly in the field of geology. The movement of water through 
the ground is studied both by geologists and by soil physicists. Much 
early work in this line was done by geologists and published by the 
United States Geological Survey. Engineers also made important con- 
tributions. In recent years soil mechanics has developed as an inde- 
pendent science, but one that is closely related to geology, physics and 
engineering, and great progress has been made. 

It is impossible to draw a sharp line between geology and soil 
mechanics, either in theory or in practice, and the best progress in the 
study of the unconsolidated deposits can be made by the co-operation of 
geologists and soil physicists. The advantage of co-operation has been 
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recently demonstrated by a joint study of clay at a place where a high 
clay bank was loaded with important buildings and where there had 
been slides. The investigation involved a thorough field study by the 
geologist to determine everything possible about the arrangement and 
location of the clay layers; then samples were studied and many labora- 
tory tests were made by the soil physicist; and finally all the results, 
both from the field and the laboratory, were jointly studied and final 
conclusions were reached. It is certain that as satisfactory results 
could not have been reached by either working alone. 

The clay was unusually hard, and it was difficult to understand 
why slides occurred in this clay under conditions which would probably 
not cause slides in softer clays. The geological study showed that the 
clay was intersected by regular systems of parallel cracks similar to the 
joint cracks in hard rocks. The slides are believed to have been caused 
by hydrostatic pressure in the cracks. By careful drainage of the sur- 
face the supply of water to these cracks can be cut off and the danger 
of slides reduced. These joint cracks in the clay were found not only in 
the steep bank, where it might seem that they could have been formed 
by local movements, but they were also found in places far removed 
from any steep slope. It is possible that these cracks were formed by 
earthquake vibration. 

Mr. Casagrande has spoken of the great difference in the charac- 
teristics of the undisturbed and the disturbed clay, and that difference 
was apparent in the study just mentioned. The clay in this case was 
almost as hard as shale when undisturbed, but could be worked into a 
soft, plastic mass. The undisturbed clay appeared to be a good founda- 
tion material, but it is susceptible to sliding under special conditions. 
When it has been disturbed, this clay is a very poor foundation material. 
Many old slides have occurred at this place, and there are great masses 
of disturbed clay. Buildings have been built on this clay, and great 
difficulties were encountered with the foundations. The contrast be- 
tween the behavior of the two clays was very marked; yet they were 
originally the same. 

Mr. Casagrande has spoken of the curved sliding surfaces of clay 
slides, and these appear to be somewhat analogous to the curved sliding 
surfaces of large faults in hard rocks. 

Many opportunities remain for co-operation between the geologist 
and soil physicist in scientific research as well as in practical problems. 
The microscopic study of clays is a geologic problem, and much remains 
to be done in this field. It should be possible to analyze the structure 
of undisturbed clay, and, by correlating the facts learned with the 
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physical properties, to explain certain phenomena concerning clay which 
are not well understood at present. But little work has been done on this 
line. Other problems are awaiting the joint attack of both sciences. 

GLENNON GrLBoy, Sc.D.:* The material embodied in Mr. Casa- 
grande’s paper constitutes, in the writer’s opinion, one of the most sig- 
nificant developments of modern soil mechanics. From a scientific 
standpoint, the realization that the properties of a clay may, depending 
upon its structure, vary within wide limits has necessitated the devel- 
opment of new methods of investigation and the pursuit of research along 
paths hitherto unexplored. On the practical side, many existing ideas 
concerning the utility of pile foundations must now be considered doubt- 
ful, to say the least, and new lines of thought with regard to adequate 
foundation design are revealed. 

Mr. Casagrande haspointed out that, in dealing with foundations on 
clay, the most satisfactory results will be obtained if the clay is allowed 
to remain, as far as possible, in an undisturbed condition. The writer 
feels that this principle is worthy of special emphasis. No engineer 
would think of improving the quality of the rock foundation under a 
dam by drilling holes in the rock and blasting it to pieces; nor of in- 
creasing the strength of a plate girder bridge by the use of rivets so large 
and so closely spaced as to reduce the strength of the steel itself to a 
small fraction of its normal value. Yet the destructive action of large 
groups of ‘closely spaced piles driven into consolidated clay deposits is 
closely analogous; not quite so harmful, probably, but nevertheless 
similar. It is particularly interesting to note that if the structure of a 
consolidated clay is thoroughly broken down by such a group of piles, 
the properties of the material are so fundamentally altered that the 
entire deposit would settle appreciably under its own weight, without any 
additional building load, before equilibrium could again be established. 

The writer has frequently been asked why all uncertainties in re- 
gard to the bearing value of a pile foundation could not be readily elimi- 
nated by testing the carrying capacity of individual piles. More spe- 
cifically, suppose that all the piles intended to support a given building 
have been driven; that loading tests performed on several piles scattered 
throughout the group have shown that any one of the piles will not settle 
more than one quarter of an inch under a load of 10 tons; and that at 
least 40 tons of load must be applied to produce failure of any one pile. 
Is it not, then, reasonable to assume that, if the building load is so dis- 
tributed as to produce a load of not more than 10 tons on any one pile, 
the building should not settle more than one quarter of an inch? 
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The answer is, of course, in the negative. A full discussion of the 
matter would be rather lengthy; therefore recourse may be had to a 
structural analogy. In Fig. A is shown a column of a building, with 
floor beams attached. Assume that the theory of structures is still in 
its infancy, so that analytical methods for determining the safety of the 
column are not available. It is decided, therefore, to load a single 
floor beam, such as A, with the full load it will be expected to carry. 


NYY SYN 


Fic. A 


Suppose it is found that beam A carries its full load in a satisfactory 
manner. Can one assume, then, that the whole structure will be stable 
when fully loaded? Certainly not. The loading test on beam A, or a 
similar test on any other beam, proves that the beam is strong enough 
and that the connection at the end is strong enough, to transfer the teat 
to the column. But there is no guarantee that the column will not 
buckle when all the beams are loaded at once. 


Thus it can readily be seen that a safe-load test on a pile merely 
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proves that the pile itself will not crush, and that the “connection” be- 
tween pile and soil is strong enough to transmit the load without a great 
deal of movement. But when a large number of such loads are trans- 
mitted to the soil, the soil itself tends to deform. Concerning the 
amount and rate of this deformation, which is the all-important item 
with regard to settlement, the loading test gives no information what- 
soever. 

In view of the foregoing considerations, Mr. Casagrande’s con- 
tention regarding the detrimental effects of pile-driving in clay appears 
to be justified. It is quite possible that each individual pile wil! develop 
a satisfactory amount of resistance. But when all the piles are loaded, 
the remolded clay in which they are embedded is subjected to relatively 
heavy stress. This stress will produce a certain deformation; and, other 
things being equal, the deformation will exceed by far that which would 
have occurred if the clay had been left undisturbed. 

For the sake of clarity, Mr. Casagrande has presented his material 
in the simplest possible terms. It should be noted, however, that the 
problems involved are actually of a rather complicated nature. While 
the fundamentals are fairly well understood, qualitatively at least, there 
are a great many points which must be thoroughly investigated before 
settlement analyses may be made with any degree of assurance. As a 
matter of principle, the writer agrees that pile foundations in clay should 
be avoided; but, as a matter of economy, such foundations may often 
deserve consideration, at least as a possible alternative. For this reason 
it is necessary to have some definite information on the amount and the 
extent of the disturbance created by the piles; on the distribution of skin 
friction and point resistance between pile and soil, both at the outset 
and during the consolidation process; on the relations between the soil 
stresses produced by a pile foundation and those produced by a mat or 
by caissons; on the proper size, length and spacing of piles, to produce 
the most favorable stress distribution and to minimize the undesirable 
effects of disturbance; on the possibility of drainage of water through 
wood or concrete piles, thus increasing the rapidity of settlement; and 
on the feasibility and economy of using something other than a driven 
pile — for example, open-end pipes jacked down, blown out, and later 
filled with concrete — to obtain the advantage of a pile foundation with 
4 minimum of disturbance to the clay. 

Investigations of the above questions and of other related items 
involve research programs of rather large magnitude. Small-scale tests 
might be used to some extent, but conclusive data could be obtained 
only from studies on full-sized operations. Plans have already been 


218 BOSTON SOCIETY OF CIVIL ENGINEERS 


developed whereby the necessary information could readily be obtained. 
Their execution is impeded only by the lack of funds. It is hoped that 
this unfortunate condition will not prevail indefinitely. 

H. A. Mour:* Mr. Casagrande has presented one of the most 
understandable engineering papers it has ever been my pleasure to 
hear. Perhaps this is because he apparently has found a reasonable 
answer to several phenomena that have for a long time been taken for 
granted, as we accept taxes and debt. 

It is fortunate for the profession that he has been so bold as to 
present the results for discussion. Now that he has performed his 
part, it is the obligation of the men with practical experience to recall 
experiences that will tend to prove or disprove the conclusions he has 
arrived at. 

Fortunately, in our work — the making of borings for foundation 
purposes, installing caissons and driving piles— we have an unusual 
opportunity for observation relative to the subject of his paper. 

For a number of years we have known that the boring samples of 
clay are always softer than the same material when uncovered in our 
caisson work. This is particularly so with soft and medium clay. 
When a clay is easily classified as soft, medium or hard this difference 
is not brought to one’s attention; but when the sample is on the border 
between one or the other this difference comes to mind, and, generally, 
the classification of the next harder grade is designated, unless previous 
experience in that immediate vicinity has proven otherwise. 

While we have known of this condition for years and have ac- 
cepted it as a fact, and have been governed accordingly, we have had 
no direct proof as to why, nor have we made any attempt to deter- 
mine the extent of the difference. The author has given an explana- 
tion of why, and an idea of its extent. 

During the past three years we have had occasion to place the 
foundations for what is probably the heaviest building per square foot 
of plan area in Greater Boston; this work was done in two sections. 


The first half is on caissons carried to bedrock by the use of compressed © 


air. The difficulties encountered in sinking these caissons, and the 
expense involved, caused the selection of a precast concrete pile type 
of foundation to be used on the last half. The sinking of the caissons 
afforded an excellent opportunity to study the ground conditions first 
hand. This information was very useful in planning the pile work so 
that trouble would be avoided and to insure a good job without experi- 
menting. A general outline of the ground conditions is necessary for 
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an understanding of the methods pursued. From street grade +17.0 
to 0.0 fill; to —15.0 silt; to —22.0 hard yellow clay; to —30.0 medium 
yellow clay; to —80.0 soft clay; to —85.0 coarse gravel; to —95.0 
hardpan; bedrock lay directly under the hardpan. The top 12 inches 
or $o of the hard yellow clay was so dry that it would crumble when 
pressed between the fingers. The soft clay was very plastic, and under 
its natural pressure gripped the caissons to such an extent that they 
could not be moved by weights. Air pressure was of no use, as it would 
flow through the coarse gravel stratum and be lost. When the gravel 
was uncovered the water would rise and be constant at +11.0, one 
foot above mean high tide. The general excavation was carried to 
—17.0 to provide space for concrete water storage tanks. Pile cut-off 
was generally at —22.0=. 

It was desirable to place the piles in such a manner as to cause as 
little disturbance as possible to the body of clay. The tanks were to 
be carried directly on it, and any possibility of damage to adjoining 
property, sewers and public utility conduits was to be avoided. The 
piles were 20 inches square and were to obtain their bearing resistance 
in the hardpan stratum. We knew that driving piles of this size and 
length in clay would cause a tremendous heave and displacement, 
which meant that some means must be adopted to relieve this condition. 
It was decided to excavate a hole with an auger for each pile. This 
hole was to be dug as deep as possible, but not so deep as to release 
the water in the gravel. The proper size of the hole was to be deter- 
mined as the job progressed. The piles were on 3-foot centers. With 
these close centers we decided to bore staggered holes, and after driving 
the piles in these holes, to bore the intermediate holes. 

The work was started on this basis, and no difficulty was encoun- 
tered in the boring work. The auger would be withdrawn with a good 
volume of clay which could be cut with hoes and handled easily. But 
this condition changed radically after the first piles were driven. Ap- 
parently the pressures generated in driving the piles, and the displace- 
ment of the material caused it to change completely in character. We 
found it not only extremely difficult to dig the intermediate holes, but 
it was almost impossible to remove the ‘material from the auger. For 
the balance of the work every hole was dug in consecutive order, and 
we spent the extra time being careful to prevent the auger from run- 
ning into a hole already dug rather than contend with the changed 
condition caused by the first method of operation. 

Further than that, we found it possible, after part of the piles 
had been driven, to continue to dig in holes for a considerable time, 
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taking out material but gaining no depth. In fact, it was necessary 
to do this occasionally to relieve the pressure that developed. This 
pressure was of such an intensity as to raise a temporary construction 
trestle supporting a heavy steel pile-driver, and to heave piles already 
driven to refusal as much as five feet. Some of these piles had to be 
redriven as many as five times to make them stay in the original driven 
position. 

This method of operation proved very satisfactory in accomplish- 
ing the desired results. There was some heave of the general area 
despite all of the precautions taken. At the completion of the work it 
was the opinion of all connected with it that the volume of clay re- 
moved practically equaled the volume of the piles driven into it. There 
is never any practical way of proving this on a construction job. 

The experience on this work tends to prove the author’s conten- 
tion that the character of the clay is entirely changed by driving piles 
into it. 

There seems to be no way of proving to what distance from the 
piles this disturbance is active. Every one acquainted with the heave 
caused by driving piles into clay knows that the disturbance is rather 
extensive. We have had instances where the heave amounted to as 
much as six feet. If the formation of clay is truly represented by the 
delicate structure outlined by the author it would seem that any bodily 
movement would destroy its equilibrium. Certainly one would be led 
to the conclusion that where the heave is extensive the entire area is 
so affected as to be classified as remolded clay. 

This is a very interesting subject, and should command the atten- 
tion of every engineer, architect and owner who has to do with under- 
ground work. 

ARTHUR CASAGRANDE: I frankly admit that I have presented my 
paper with a great deal of uneasiness, realizing how radically different 
my conclusions are from established engineering practice. Therefore, 
it gave me a sincere pleasure to hear and to read these discussions by 
a number of experienced engineers and scientists. Each of these dis- 
cussions represents a most interesting and valuable contribution to the 
subject, illuminating some points which I have not brought out clearly, 
or supplementing the material contained in the paper by important 
observations and pertinent remarks. 


The following notes represent answers to questions which were 
brought up by Mr. Marston in his discussion. 


, solar, I have not found any clay with a very small or no difference 
in compressibility between the undisturbed state and the remolded 
e 
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state. The smallest differences I have measured were found in an 
extremely soft organic clay (muck) from the bottom of the Potomac 
River, Virginia, in connection with a study of hydraulic fills for the 
Mount Vernon Memorial Highway. It is very likely that for uncon- 
solidated clays the compressibility in the undisturbed state increases 
with increasing rate of load application, due to a partial breakdown 
of the structure. In such a case the consolidation test on the undis- 
turbed sample would have to be carried out with special precautions, 
if it is intended as a measure for the difference in compressibility be- 
tween the undisturbed state and the remolded state. 

We tried to make consolidation tests on Laurentian clays in hori- 
zontal and vertical directions. However, we did not succeed in cutting 
out vertical samples because they would always break along planes of 
stratification. 

The percentage of scale-like particles was not determined in the 
Laurentian clays. 

The compressibility and elastic rebound in the remolded state are 
doubtlessly controlled by the percentage of scale-like particles. How- 
ever, in the undisturbed state they are dependent, also, on the struc- 
ture of the clay. 

I believe that fine-grained soils, consisting largely of bulky grains, 
may also exhibit structural effects similar to that of clay, if deposited 
under conditions which cause flocculation of the grains during the sedi- 
mentation process. However, I have had no opportunity to examine 
such soils in the undisturbed state. 

The term “structure,” as applied to cohesionless soils, has, of 
course, a different meaning from that used in connection with the 
properties of clays. In the former it refers to the density of the deposit. 
An excellent example of structural differences of this kind in sand was 
offered by Mr. Marston in his discussion. 

Pile-driving or other manipulations on the ground tend to increase 
the density of a sand, and to decrease its compressibility, while in clay 
such actions tend to destroy the natural structure, and therefore to 


increase its compressibility. 
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VISUAL INSPECTION OF METAL ARC WELDS 
FRANK B. WALKER,* MEMBER, BosTON SOCIETY OF CIVIL ENGINEERS 


ALtHoucH the greater percentage of metal arc welds are good, 
certain characteristics of arc welding which govern the quality of the 
work are emphasized in the following paper, in order that good welds 
may be readily distinguished from bad welds by visual inspection. 

There are three important things which cause variations in the 
appearance of welds. From these differences in the appearance of the 
welds or base (parent) metal, the quality of the weld can be determined 
within reasonable limits. These three things are — 


Length of Arc. 
Temperature of Arc. 
Cleanliness of the Base Metal Surfaces. 


LENGTH OF ARC 


The steel forming the weld passes from the negative electrode rod 
through an envelope of gas formed by the arc, to the positive base metal. 

The distance from the end of the electrode to the base metal is 
called the length of arc and is normally about one-eighth of an inch. It 
is known that the quality and strength of the weld will be greater with 
a short arc and less with a long arc, other conditions being equal. 

If the arc is too long, the gaseous envelope is too large. This spreads 
the heat and steel over too much space, and gives a porous weld of 
shallow penetration with wide overlap (incomplete fusion at the weld 
edges). It also spatters a pattern of small drops of molten steel over a 
considerable area, frequently several inches away from the weld. 

A short arc is steady, and, being more easily controlled, spatters 
little or no drops, and produces a sound weld of deep penetration with 
no overlap. 

If steel drops are spattered more or less thickly near a weld, or the 
weld shows overlap, it is probable that the weld has a shallow pene- 
tration, is porous, is not ductile, and is of too low strength. A few 
scattered drops near a good weld may be due to the welder purposely 
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striking or breaking the arc, but a constantly held short are will not 
spatter drops. 


TEMPERATURE OF ARC 


The quality of a weld is largely dependent upon the heat of the arc, 
which depends on the amperes used, more being required for larger than 
smaller rods. Laboratory tests show that good welding can be done 
only within a very narrow temperature range. 

If the arc is too cold, the resulting weld resembles cold solder, with 
incomplete fusion, — that is, it inadequately unites the edges or root 
of bead with the base metal, and has very little strength. In appear- 
ance the weld is uneven, has thick and thin places, possibly with drops 
of steel adhering to the bead, or the edges of the weld curl under instead 
of flattening out and merging into the base metal. 

If the arc is too hot, the weld steel is burned, or partially so, and 
the welds are hard, brittle, porous, and probably have incipient cracks, 
+f not actual ones. Such welds will in a short time (within twenty 
minutes, if very hot) show their burnt condition by turning a rusty red, 
or by the distinct bluish tinge of cinder-like burned steel. 

A weld made at the proper temperature will remain clean and will 
have a bright, metallic luster for a long time. A weld, being a cast 
steel, will not corrode very quickly if not burnt. 

If a rusty red or cinder appearance develops soon after welding, 
the steel has been burned and is of low strength and is unreliable. 

All welding machines have a rheostat to regulate the current at the 
arc. The rheostat should be manually varied with changes in line 
voltage or size of electrodes, to give the correct welding heat. 


WELDING SURFACES 


- Good welding cannot be done through a coating of paint, scale, 
rust, dirt, oil or anything else, except linseed oil. The actual surfaces 
under the weld cannot be seen after the welding is done, but the inspec- 
tor can tell by the appearance of near-by surfaces whether they have been 
cleaned off with steel brush or cold chisel to the bare metal, or at least 
to a thin, tight mill scale before welding was started. It is of the ut- 
most importance to have clean surfaces. 


PosITION AND SIZE OF WELD BEAD 


Welds should be of the right size, in the proper place, and unite 
the edges of the base metal properly. The weld joining the edges of 
two plates in a butt weld should more than fill the V, or opening, and 
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where uniting a plate and angle it should be full and uniform as to loca- 
tion, size, etc. (Fig. 1.) 


It is common practice for the welder to swing his arc back and 


forth across the weld as he progresses along the weld seam, making a 
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‘half moon bead,”’ which operation unites the edges of the base metal 
and the bead and at the same time makes the weld of the proper thickness. 


An arc weld is sometimes referred to as a flat, vertical or an overhead 


seam. A simple way to distinguish between them is to consider any 
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seam laid down on a horizontal or nearly horizontal plane as flat, those 
welded on vertical or nearly vertical plane as vertical, and all others 
as overhead. Flat seams require less skill on the part of the welder 
than the vertical or overhead seams. 


GENERAL 


Welds or base metal should not be painted until after inspection 
and approval. 

Each welder should stamp his own number near his welds for 
identification purposes. 

When coated welding rods have been used, it is desirable, when 
making an inspection, to clean off the weld and base metal with a wire 
brush, as there will be an accumulation of oxidized matter, slag or 
impurities. ; 

It is assumed that the base metal is suitable for metallic arc weld- 
ing, and that the welding rod used is properly treated during manu- 
facture (but not necessarily coated), is uniform in quality and is weld- 
able. If the rod does not conform to these characteristics, the resulting 
weld will have some of the faults previously described. The use of a 
rod which is not uniform will usually make a weld not uniform. 

A run of poor welds may sometimes be found in a good welder’s 
work. This may be due to a variety of reasons, such as the use of a 
welding rod of poor quality, rapid changes of line voltage not followed 
quickly by rheostat adjustments, poor electrical ground return, or the 
welder permitting his helper to practice when no one is looking, or 
carelessness. 

When welds are tested, either in the field or laboratory, it is sug- 
gested that the tests be made in the presence of the welder, as it is good 
discipline for the welder, especially when poor work is found, and it is 
always instructive for both welder and inspector. 

A million and a half lineal feet of arc weld seams have been made 
during the past thirteen years by at least one hundred and fifty different 
welders under the supervision of the author, and all the bad welding 
which was found on this work can be definitely attributed to the fol- 


lowing three causes only: 


1. Arc too long. 
2. Arc too hot or cold. 
3. Surfaces not clean. 
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APPEARANCE OF A GOOD WELD 


A good weld — 
Has no drops spattered near by. 


Has no overlap (incomplete fusion at weld edges). 

Has both edges merging smoothly into base metal. 
Has uniform bright metallic luster. 

Has uniform size and thickness. 

Has evidence that base metal was clean before welded. 


NOTE 


The specimens showing good and bad welding on exhibition in the Society rooms 
were made by the New England Structural Steel Company and the Leake & Nelson 
Company to illustrate the points discussed in this paper. 

Any one interested in structural welding should read the Kesh published report 
of the Committee on Structural Welding of the American Welding Society. It con- 
tains data on qualifying welders and allowable unit stresses for different sizes of welds 
with factors of safety. 


Comments by Past President Harry E. Sawtell 


This paper by Mr. Frank B. Walker, Chief Engineer of the Eastern 
Massachusetts Street Railway Company, on the subject of “Visual 
Inspection of Metal Arc Welds,” is a valuable one. 

Having discovered that Mr. Walker has had long years of experi- 
ence in the practical work as well as the theory of metal arc welds, I 
confess to a feeling of pleasure at his consenting to put his notes to- 
gether in the form of a paper. 

It is a timely subject and a paper which will help many men in 
their work, whether it is making or inspecting arc welds. 

The committee that has compiled subjects for research included this 
item in its published list; therefore this is one of the first papers to 
cause a cancellation to be made of any subject in the list. 

The specimens of good and bad welds which Mr. Walker is placing 
in the Society rooms for exhibition will be very helpful when examining 
them in connection with this paper. 

Discussions of this paper will be very welcome. 


NEWLY ELECTED HONORARY MEMBERS 207 


NEWLY ELECTED HONORARY MEMBERS, BOSTON 
SOCIETY OF CIVIL ENGINEERS 


Honorary membership in the Boston Society of Civil Engineers 
has been conferred on the following during the year ending March 
LORT932% 

Prof. C. Frank Allen, senior member of the Society, a member since 
March 24, 1875, elected Honorary Member March 16, 1932. 

Mr. Charles T. Main, a member since June 17, 1891, elected Honor- 
ary Member February 17, 1932. 

Dr. Karl T. Compton, President of Massachusetts Institute of 
Technology, elected Honorary Member January 27, 1932. 

The present list of honorary members is as follows: 


John R. Freeman. 
Prof. C. Frank Allen. 
Charles T. Main. 
Dr. Karl T. Compton. 


At the annual meeting of the Society, held on March 16, 1932, 
diplomas of honorary membership were presented to Mr. Charles T. 
Main and Dr. Karl T. Compton by Mr. Harry E. Sawtell, President. 
Prof. C. Frank Allen, who is traveling, was unable to be present at this 
meeting. Prior to the presentation of these diplomas, a biographical 
sketch of Mr. Main was read by Mr. Irving E. Moultrop, member, and a 
biographical sketch of Dr. Compton was read by Past President Robert 


Spurr Weston. 


Charles T. Main 


Charles T. Main is a native of Marblehead, Massachusetts, where 
he was born February 16, 1856, the son of Thomas and Cordelia Reed 
Main. The elder Mr. Main was a native of Marblehead, and his mother 
came from Plymouth. Both were members of old American families, 
established in colonial days. 

Mr. Main graduated from Massachusetts Institute of Technology 
in 1876, with the degree of B.S. from the department of mechanical 
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engineering, and remained at the Institute for three years as an assistant 
in that department. 

After serving for a little over a year as a draughtsman at the Man- 
chester Mills, he became engineer of the Lower Pacific Mills, Lawrence, 
Massachusetts. While remaining in control of all engineering work, he 
was promoted to be assistant superintendent in 1886 and to the super- 
intendency of the mill in 1887. During the period from 1881 to 1892 the 
plant was largely reorganized and rebuilt. 

Mr. Main’s inclinations led him so strongly to engineering that he 
left the Pacific Mills, and, after devoting about a year in miscellaneous 
engineering work in Providence, he formed a partnership in 1893 with 
Mr. F. W. Dean for conducting an engineering business largely in indus- 
trial plants. 

In 1907 this partnership was dissolved and Mr. Main conducted his 
business under his own name until July, 1926, when it was changed to 
Chas. T. Main, Inc. 

From 1893 to the present time a large number of industrial plants 
have been designed and constructed and other plants reorganized under 
the direction of Mr. Main. This involved the engineering for industrial 
plants developing into steam power plant work, and water power into 
hydro-electric developments. Among the largest undertakings in the 
group of industrial plants are the Wood Worsted and Ayer Mills in 
Lawrence, and, in the hydro-electric field, developments for the Montana 
Power Company, aggregating about 300,000 horsepower. 

Mr. Main has served as consulting engineer on many projects and as 
expert witness, or referee, in important legal actions, and also has placed 
valuations on numerous industrial properties. He has written numbers 
of papers on engineering subjects. 

His interest has been extended to public affairs and in this connec- 
tion he has held several municipal offices in order to do his share of public 


work, and for the purpose of advancing good government. He was an . 


alderman of Lawrence for three years, and also a member of the board 
of trustees of the public library, and member of the school committee in 
that city. For eleven years he was a member of the water and sewer 
board at Winchester. 

Mr. Main is a member of the American Society of Mechanical 
Engineers, and was a manager of the organization for three years, and 
president in 1918. He also is a member of the American Society 
of Civil Engineers. He was president of the Boston Society of Civil 
Engineers in 1911 and president of the American Institute of Consult- 
ing Engineers in 1929. 
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For several years he has been a life member of the Corporation of 
Massachusetts Institute of Technology, and a member of its executive 
committee. Mr. Main is a Fellow of the American Association for the 
Advancement of Science and a Fellow of the American Academy of 
Political and Social Science. 

At the request of France Mr. Main was a member of the American 
Engineering Commission which visited France immediately after the 
World War regarding rehabilitation problems. 

Some of Mr. Main’s other activities and associations are as follows: 
life member of the University Club, member of the Engineers Club of 
New York, member of the Boston Chamber of Commerce, member of 
the Exchange Club of Boston, member of the Winchester Country Club, 
past president of the Engineers Club of Boston and now an honorary 
member of that club, and trustee of the W inchester Savings Bank. 

Mr. Main was married in 1883 to Miss Elizabeth F. Appleton. 
They have three children, Charles R., Alice A., and Theodore Main. 


RESPONSE BY MR. CHARLES T. MaIN ON RECEIVING DIPLOMA OF 
HoNORARY MEMBERSHIP 


Mr. President and Fellow Members: The President and Mr. 
Moultrop, who have preceded me, have said everything I intended to 
say. As the President has said, I have been a member of this society 
for more than forty years. During that period I have served on many 
committees, on the Board of Government, and as President of the Society. 
I consider, as the President has said, honorary membership to be the 
highest distinction that this Society can confer upon anybody. 

I sincerely thank you for the honor which you have conferred upon 
me. I hope that by elevating me to this position you have not “put 
me on the shelf,” as I should like to be of further service to the Society 
in advancing its interests at any time when I can be of assistance. 


Dr. Karl T. Compton, President of the Massachusetts 
Institute of Technology 


Dr. Karl Taylor Compton, eleventh president of the Massachusetts 
Institute of Technology, was born at Wooster, Ohio, September 14, 
1887. His father, Dr. Elias Compton, a Presbyterian clergyman, and 
emeritus dean and professor of philosophy of Wooster College, is the 
head of a notable family, which includes another scientist, a brother of 
President Compton, Dr. Arthur H. Compton, professor of physics at 
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the University of Chicago, who was awarded the Nobel Prize Laureate 
in Physics in 1927. 

Dr. Compton got his bachelor’s degree from Wooster College in 
1908, his master of science degree in 1909, and his doctor’s degree at 
Princeton in 1912. In 1923 Wooster College gave him the honorary 
degree of doctor of science, as did Lehigh University in 1927 and Prince- 
ton in 1930. In the same year Brooklyn Polytechnic Institute gave 
Dr. Compton the honorary degree of doctor of engineering, and Har- 
vard, the degree of doctor of laws. 

Dr. Compton was instructor in chemistry at Wooster College from 
1909-10, and instructor in physics in Reed College at Portland, Oregon, 
from 1912 to 1915. Returning to Princeton in 1919 as assistant pro- 
fessor of physics, he was later promoted to the rank of professor of 
physics, and afterwards research professor and chairman of the depart- 
ment of physics at Princeton, a position he occupied until just before 
he was inaugurated as president of the Massachusetts Institute of 
Technology on June 6, 1930. 

He is the author of many publications dealing with researches in 
photo-electricity, ionization of gases, soft X-rays, spectroscopy in the 
extreme ultra-violet field, fluorescence and dissociation of gases, electric 
arcs and other types of gas discharge, thermionic and other phenomena. 

He is a Fellow of the American Physical Society and of the Ameri- 
can Optical Society; a member of the National Academy of Sciences, 
the American Philosophical Society, the American Chemical Society, the 
American Electrochemical Society, the Franklin Institute, the Deutscher 
Physikalischer Gesellschaft, the American Association for the Advance- 
ment of Science, the American Institute of Electrical Engineers, the 
American Academy of Arts and Sciences, the Society for the Promotion 
of Engineering Education, and also of the Alpha Tau Omega, Phi Beta 
Kappa, and Sigma Xi fraternities. 

Dr. Compton is a past president of the American Physical Society, 
1927-29, and a past chairman of the division of physics of the National 
Academy of Sciences, 1927-30. He is also a member of the executive 
committee of the National Research Council and of the American As- 
sociation for the Advancement of Science, and chairman of the physics 
subcommittee of the National Research Council on the Chicago, 1933, 
Exposition. He is consulting physicist for the General Electric Company 
and the United States Department of Agriculture, and a member of the 
advisory board of Bartol Research Foundation. During the World 
War he was aeronautical engineer in the Signal Corps, and later an 
officer of the Research Information Service. In 1918 he was associate 
scientific attaché to the American Embassy in Paris. 
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Dr. Compton married a daughter of J. Corrin Hutchinson, emeritus 
professor of Greek in the University of Minnesota. They have three 
children. 


RESPONSE BY Dr. Kart T. COMPTON ON RECEIVING DIPLOMA OF 
HONORARY MEMBERSHIP 


Mr. President, Mr. Weston and Members of the Boston Society of 
Civil Engineers: I scarcely know how to express my appreciation and 
gratitude for this very high honor which has been bestowed upon me, 
an honor which I feel is all the higher because it is bestowed at the same 
time upon my great friend and colleague, Mr. Main. 

I think it is true that any man, whether he is a rogue or only a 
common person, likes to be found in respectable company. The words 
“old and respectable” go together just as “crime and shame”’ do, and 
I think there is really a logical connection between these two words. 
However, I will not elaborate upon this. 

It is certainly true that the civil engineering profession is the old- 
est of the engineering professions. In Man’s moving about on the 
surface of the earth and endeavoring to make a suitable place to live in, 
from the earliest times he has practiced civil engineering. So I feel in 
being thus honored by election to a civil engineering society I am join- 
ing one of the oldest, and therefore one of the most respectable, pro- 


fessions. 

At the same time, I understand that the Boston Society of Civil 
Engineers is the oldest civil engineering society in this country, and if 
it is not the mother it is at least the foster-mother of the other local 

societies and of the American Society of Civil Engineers. 

So therefore in this again I feel that I am being honored by election 
to membership in the Boston Society of Civil Engineers, in that I am 
thus becoming a member of the oldest, and therefore the most respect- 
able, of the civil engineering societies. 

I have been trying to find out what might have been the excuse of 
‘the committee for conferring this honor upon me. I have thought of 
three possibilities and have surveyed them one after the other, but I 
am sorry to say that I have found each of these possibilities entirely in- 
adequate. 

These three have to do with some items of my biography not dis- 
closed by Mr. Weston in his very comprehensive survey. My first 
thought was that it might have been a matter of heredity. Mr. Weston, 
in mentioning my father, did not disclose the fact that he worked his 
way through college by serving as a civil engineer, and that as a boy I 
used to hear many stories of his experiences as a surveyor. 
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The second possibility, perhaps, was the fact that during my first 
year of postgraduate work I happened to be student assistant in sur- 
veying in the College of Wooster, and I had charge of the preliminary 
survey of the first mile of model road built by the State of Ohio; but 
this does not appear in ‘‘Who’s Who,” and I am sure this was not an 
adequate reason. 

My final experience as a civil engineer was during a short term at 
Reed College in Portland, Oregon. I was a member of the Committee 
on Athletics, and it was put up to me to try to help the Barber Asphalt 
Company complete a contract made with the college, to build a series of 
tennis courts. These were to be built with a slope of 6 inches from the 
back to the center, and were to be perfectly smooth, to prevent pooling. 
After a rain the water was supposed to drain away promptly. This 
was very necessary in a climate like that of Portland. 

The courts had been built and rebuilt about three times, but pools 
still formed on them after rains, and as a result the Barber Asphalt Com- 
pany had not been able to collect their money. So I was sent out with a 
level and a rodman, with instructions to drive spikes on the asphalt of the 
tennis court, each adjusted exactly to the right level, so that when the 
large-footed negroes who laid the asphalt came to spread it they could 
get it very accurately to the levels of the spikes and consequently the 
problem would be solved. 

I was not a very experienced engineer. I went out on the courts and 
set up my level on a corner of the asphalt and got the level and proceeded 
to make the survey, but happening to glance at the instrument I found 
that the level had tilted somewhat. Then I realized that the asphalt 
expanded under the action of the sun, and also contracted every time the 
sun went behind a cloud, and this action was affecting the level. Finally, 
however, by getting it on Mother Earth I succeeded in placing the spikes. 

But when the workmen came to lay the tennis courts it was dis- 
covered that they were not used to laying asphalt level with the top of 
tenpenny spikes. They simply kicked them out of the way and laid the 
asphalt without them. And they did a very excellent job. 

The next time the sun went under the clouds and came out again 
there were holes, and I do not know whether the Barber Asphalt Com- 
pany has ever collected their money. 

That is the sum total of my qualifications professionally for this 
honor. But I realize that in conferring this honor you have had two 
thoughts in mind: one is a kindly expression of ‘‘God speed”’ to me in 
my connection with the Institute, in which you as well as I have an 
interest; and the other is your very kind expression of good will to the 
Institute itself. 
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I was asked by the President to speak for not more than ten minutes. 
I think, perhaps, there is just one more thought I might leave, of a serious 
type. 

As I have been thinking, the last couple of years, particularly of the 
various engineering professions, one thought has been very striking to 
me, and it becomes more so the more I think about it; that is, the very 
short span in human history within which the engineering developments 
of the type which we now think of as the modern activities of engineering 
have actually been practiced in the present manner. 

The art of transportation is an example. Modern transportation, 
except by foot and by horseback, extends back not over one hundred 
years. The latest developments are within a much shorter time than 
that: the airplane and the automobile within less than a quarter of a 
century; and the dirigible still on the horizon. This represents a period 
almost infinitesimal in proportion to Man’s span of life. 

In the art of communication, again. It is literally true that the most 
rapid methods up to fifty years or more ago have been the old-fashioned 
method used by the Egyptians and by Ghengis Khan, namely, postriders, 
with their relays. And only within a quarter of a century, or less, has it 
been possible to talk by electric communication to the most distant parts 
of the earth, with a time lag no greater than that with which my voice 
reaches the back of this room. So that, again, is very recent. 

Then there are the ways of getting from the earth those materials 
on which our life depends, such as mineral resources and agricultural 
resources. Developments in those have been very, very recent, and yet in 

‘comparison with these, if we consider the work of the civil engineer, we 
find it going back to antiquity and extending down to the present time 
with that ‘‘hoary age”’ and consequent respectability mentioned before. 

Another point connected with that thought is that the work of the 
civil engineer goes back into antiquity farther than does that of any other 
group of applied science, and perhaps covers a greater range of activities 
than does any other branch of engineering. Nevertheless, what to you 
at the present time is the most interesting is the future of civil engineering 
and the fact that it is making just as rapid developments as any of the 
other activities just mentioned. This makes the work of the civil engineer 
particularly interesting. It is of interest both because of its historical 
background and also in its future development, on account of the) re- 
search which is going on at the present time. 

In conclusion, I wish again to express my very great appreciation of 


this distinguished honor. 
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INTERNATIONAL FACTORS IN THE DEPRESSION 


By Pror. RatpH EvANS FREEMAN * 


(Presented at the Annual Meeting of the Boston Society of Civil Engineers, March 16, 1932) 


THERE is no agreement among economists as to the part played in 
our present industrial tragedy by international disturbances. Some 
economists believe that our troubles are almost entirely of foreign origin, 
while others assert that external factors have had very little to do with 
our unhappy condition. The truth probably lies between these extremes. 
While the fundamental causes of depression are to be found in the nature 
and functioning of our productive institutions and in the psychology of 
the human beings who use them, the explanation of its extraordinary 
depth and duration must be sought in the chaotic state of international 
relations. When the depression arrived the nations were not in equilib- 
rium in their relations with each other, and, like a fighter who is caught 
off balance, the economic world was unprepared to receive the blow which 
descended. 

A nation is in equilibrium with the rest of the world when its in- 
payments are equal to its out-payments. These payments originate from 
a great variety of transactions, — imports and exports of merchandise, 
borrowing and lending, interest payments, reparations, foreign travel, 
immigrants’ remittances and many others. Some of them give rise to 
claims against the inhabitants or government of the country; others 
give rise to claims against foreigners. When these claims and counter- 
claims are equal, the country is internationally stable; and if it happens 
that all the others are in a similar position, it may be said that the indus- 
trial system as a whole is in a state of international equilibrium. 

Suppose that, under these hypothetical conditions of perfect adjust- 
ment, a nation increases its foreign lending. Out-payments: exceed in- 
payments and the balance is upset. Almost immediately forces are set 
to work which tend to restore the balance. The expansion of out-pay- 
ments Causes a contraction of bank deposits within the country producing 
a drop in the level of internal prices. At the same time, because of an 
addition to the purchasing power of foreign countries, prices abroad move 
upward. With domestic prices falling and foreign prices rising it becomes 
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- profitable to export more goods and services. As exports grow and in- 
payments multiply, income and outgo tend to be equalized. 

These stabilizing adjustments in price levels may be facilitated by 
gold movements. When an increase of foreign lending causes out- 
payments to exceed in-payments, the rate of exchange of the money of 
the lending country falls. In this event foreign borrowers may find it 
advantageous to take payment in gold rather than in bills of exchange 
payable in the currency of the lender. As gold is withdrawn, bank re- 
serves in the creditor country are diminished, and this may lead to a 
contraction of bank credit which will depress the price level. But the 
arrival of gold abroad will have an opposite and inflationary effect on 
foreign price levels. Exports will therefore increase or imports diminish . 
until equality of in-payments and out-payments is restored. 

Whenever the equilibrium is disturbed, a subsequent change of 
relative price levels, by giving rise to an appropriate flow of goods, tends 
to stabilize the situation. Perhaps the original source of unsettlement is 
in merchandise trade; perhaps in the volume of interest payments; or in 
the amount of foreign travel. It does not matter what the source of dis- 
turbance, price changes at home or abroad, or both, will start a flow of 
goods to restore the balance. If in-payments exceed out-payments, the 
flow will be inward, induced by a fall of prices abroad and a rise of prices 
at home. Goods move according to the demands of the situation. 

Before the war this machinery of adjustment worked with a fair 
degree of smoothness and efficiency. Though derangements were con- 
stantly appearing, alterations in national price systems, by affecting 
imports and exports, were constantly at work to remove the discrepancies. 
The large out-payments which the United States as a debtor had to make 
for interest on her outstanding obligations were offset by in-payments 
from a surplus of exports over imports. The enormous in-payments 
which Great Britain as a creditor received from her foreign investments 
were counterbalanced by out-payments from a surplus of imports over 
exports. Canada, witha large income from current borrowings, was kept 
in equilibrium in the same way. And so, in regard to most of the other 
countries, the changes which occurred to disorganize their economic 
relationships with the rest of the world were never so formidable that the 
corrective machinery could not cope with them. 

But not so in these later years. Something has gone wrong with 
the stabilizing mechanism. When nations %et out of balance in their 
international dealings, the normal forces of adjustment do not seem to 
be able to bring them back. This is the explanation for the chronic 
instability of international economic relationships that now exists. It 
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reacts unfavorably upon every country that sells in foreign markets or © 
has to rely upon foreign sources of supply, and must, as I have said, 
be held largely responsible for the extraordinary length and severity 
of the present depression. 

For this condition I would suggest three principal causes: (1) the 
magnitude of post-war disturbances and the ‘suddenness with which they 
have occurred; (2) the fact that national price levels have been pre- 
vented from undergoing the changes necessary to remove these dis- 
turbances; (3) international trade restrictions that have obstructed the 
flow of goods between nations. 


1. THE VIOLENCE OF PosT-WAR DISTURBANCES 


The effect of the sudden introduction of large inequalities in inter- 
national payments is perhaps best illustrated by the case of Germany. 
The peace treaty brought reparations; and the exigencies of the recon- 
struction period after the war brought new foreign debts with their 
heavy burden of interest charges. To balance these enormous out- 
payments the German nation was faced with the necessity of develop- 
ing an equal amount of in-payments. We know how she attempted to 
do this. She sold securities abroad, chiefly to the people of the United 
States, and used the proceeds to balance her international account. 
But, of course, this was only a temporary device. The additional obli- 
gations merely aggravated the situation by increasing the interest 
charges. It was obvious that, sooner or later, Germany would have to 
create the necessary volume of additional in-payments through a sur- 
plus of exports over imports. 

This required a radical readjustment of Germany’s commercial life. 
For many years she had been buying more goods from foreign nations 
than she had been selling to them, and her economic system had become 
adapted to such conditions. To reorganize this system fundamentally 
on the spur of the moment was not possible. No nation can do this, 
especially one which, like Germany, is dependent upon imports for a 
large part of the materials necessary to her manufacturing industries. 
Yet she did make some progress in this direction, and even achieved a 
slight export surplus in 1930. But more than a slight surplus was 
needed. In fact, never before had the machinery of international set- 
tlements been called upon ,to make such a tremendous adjustment as 
was required in this case. That it failed to do so is not surprising. 

In 1928, to make matters worse, the temporary offsetting in-pay- 
ments from American lending were suddenly diminished. The investors 
of the United States lost their enthusiasm for foreign securities. This 
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left Germany still more out of gear with the rest of the world, and an 
even greater drag upon the economic progress of other nations. With 
enormous interest payments to make, and insufficient means of doing 
so, she became a serious menace to international stability. In 1931 
her approaching insolvency undermined confidence in the world’s credit 
structure, helped to force Britain off the gold standard, and brought 
other nations to the verge of financial breakdown. The repercussions 
were felt in this country in the shape of a further decline of security 
prices, bank failures and the hoarding of currency. 

The international disequilibrium of Germany is matched by that 
of the United States. In our case the position is reversed. Our indus- 
trial life has become adapted to the export surplus which was required 
by our pre-war debtor position; but our new creditor status demands 
a surplus of imports. To balance in-payments from the receipt of in- 
terest, offsetting out-payments must be created. For a time we ac- 
complished this by lending abroad. But the change in our investment 
policy which took place in 1928 removed that balancing item and we 
find ourselves seriously out of adjustment in our international account. 
To transform ourselves, in the span of a few years, from a net exporter 
to a net importer is just about as difficult for us to achieve as for. Ger- 
many to effect a similar transformation in the opposite direction. 

France has been a disturbing factor also; but in a different manner. 
During the last few years she has managed to accumulate a large amount 
of capital which has been invested in short term loans in London, New 
York and other foreign money markets. Such funds can easily be 
shifted; and the French, to serve their purposes both financial and po- 
litical, have adopted the practice of transferring them frequently from 
one center to another. These transfers involve large out-payment from 
the countries from which the funds are withdrawn and large in-payments 
into the countries in which the funds are deposited, thereby unsettling 
the currency and banking systems of the former, and becoming a source 
of constant uneasiness to the latter. French financial policy, therefore, 
is responsible for many sudden changes in international payments, and 
has contributed to the defective operation of our stabilizing machinery 


2. MALADJUSTMENT OF NATIONAL PRICE SYSTEMS 


The second principal cause of trouble has been the failure of price 
levels to respond promptly to the demands of post-war conditions. 
The experience of Great Britain may be cited as an example. When 
she returned to the gold standard in 1925, with the pound at its pre-war 
gold value, a reduction of her prices and wages was required to counter- 


238 BOSTON SOCIETY OF CIVIL ENGINEERS 


act the increase in the value of her money. Because she failed to make 
this adjustment, her price system was out of line with the prices of 
other nations. Her production costs were so high that her export in- 
dustries could not compete in foreign markets. Imports were attracted 
by her high prices; she found herself out of balance and losing gold. 
This state of affairs greatly contributed to her currency difficulties last 
year. 

When national price levels get out of alignment it is difficult to be 
certain which are in line and which are not. Each country thinks that 
all the others are out of step but itself. The British, for instance, in- 
sist that prices in France and the United States were kept too low. As 
evidence of this they point to the ability of these countries to attract 
gold. Gold flows to those places where its value is highest, where the 
greatest number of other things can be obtained in exchange for it; 
that is, where the level of commodity prices is low. The British argue 
that if France and the United States had used all their gold as the basis 
of credit expansion and price inflation, they would have attracted goods 
instead of gold, and thus relieved the strain on the banking reserves of 
other nations. 

A great deal of international price maladjustment is due to ex- 
pansion of production during the war. Countries whose chief products 
are crude foodstuffs and raw materials have, in recent years, been ad- 
versely affected by the decline of the prices of their exports in relation 
to the prices of their manufactured imports. Stimulated by the ex- 
traordinary demand of the war period and by the use of improved equip- 
ment and methods, the production of wheat, rubber, cotton, sugar, coffee, 
hides, pulpwood and other foods and materials was greatly increased. 
But when the war stimulus disappeared, output was not sufficiently 
curtailed, and consumption did not grow fast enough to maintain prices. 
Australia is an outstanding example of a nation caught in the toils of 
overproduction. Her economic life was thrown into confusion by the 
fact that the prices of the goods she sold abroad declined disproportion- 
ately to the prices of the goods she bought. India, Canada, Egypt, 
British Malaya, Cuba, Hungary, the South American and Balkan coun- 
tries were subjected to a similar experience. 


3. INTERNATIONAL TRADE RESTRICTIONS 


The third great reason for the breakdown of our international 
economic machinery is to be found in the obstructions that ‘have been 
raised to the flow of goods. To shut out foreign competition, govern- 
ments have increased their customs duties and have thereby rendered 
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still more difficult the task of apportioning to the different nations the 
imports and exports necessary to equalize their international payments. 
Since national price systems have to be adjusted to enable commodities 
to hurdle the tariff walls, and since the walls can be raised higher and 
higher, almost without limit, the task of adjustment is apparently hope- 
less. The prevailing idea seems to be that a nation may sell goods with 
profit to itself, but that imports are to be avoided like the plague. The 
inevitable outcome of this policy is to contract the volume of inter- 
national trade and to defer indefinitely the attempt to restore the na-_ 
tions to a position of equilibrium. 

But tariffs are not the only obstacles to be overcome. Of similar 
effect are the restrictions upon dealings in foreign exchange which many 
nations have imposed. In some cases, especially in central Europe and 
the Balkans, importers have to secure a permit from the government in 
order to obtain the foreign money which they need to carry on their 
business. The authorities are thus enabled to veto any imports that are 
likely to compete with domestic industries. They are able to direct the 
international flow of merchandise to serve political ends, to extend favors 
to friendly nations, and to injure the commerce of their enemies. 

The bankers’ committee under the chairmanship of Mr. AH: 
Wiggin, which issued its report from Berlin in January of this year, sum- 
marizes the effect of international trade restrictions in the following 
sentences: 


The nations of the world are contending each for a disproportionate share of a 
dwindling world trade. With a different policy they could share with one another 
an expanding world trade. It is essential that trade policy should permit goods to 
move in the settlement of international debts, and that countries should make mar- 
kets for one another. With trade lines open, labor now idle in one country could be at 
work producing goods to exchange for goods which would be produced by labor now 
idle in another country. The present extreme crisis must bring home to all peoples 
of the world the fact that all countries grow poor together. The obverse: is as true. 
All countries grow rich together. A lightening of burdens and a greater freedom of 
trade enriching one country will enrich all. 


The present condition of anarchy in international affairs surely 
emphasizes the fact that modern civilization is not constituted to with- 
stand the shock of a world war. Improvements in transportation have 
drawn the nations close to each other, and national industrial specializa- 
tion has made them interdependent. Economically the world has become 
a complex organism which cannot thrive when its parts are disconnected. 
Therefore, the disintegration, which takes place during a war, and which 
is continued by the intensification of nationalism following a war, cannot 


but do incalculable damage. 
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While economically united, we are politically divided. The engineer 
has pushed ahead of the politician. By enabling us to harness new 
sources of power, by placing at our disposal improved machinery, better 
equipment and more efficient productive processes, the engineer has 
created a unified economic world. But the politician has failed to supply 
the basis of political unity which the new technique demands. We are 
therefore compelled to impair the functioning of our economic system by 
breaking it up into national fragments. We are forced to pour the new 
industrial wine into old political bottles. 

In fact, it is apparent that mankind is trying to live a double life, — 
a life on a national plane devoted to the conservation of national markets 
and national banking systems, and a life on an international plane devoted 
to the promotion of international financial and commercial intercourse. 
And it does not appear that we shall be able to live this double life suc- 
cessfully so long as we adhere to the ideal of national power and inde- 
pendence which has been the chief goal of modern political striving. 
Yet if we abandon this ideal we may have to sacrifice our racial integrity, 
self-government, national culture, and other elements of nationalism 
upon which we place the highest value. Can we continue to serve two 
masters? Can we retain the valuable elements of nationalism and at the 
same time reject those pernicious elements which threaten to paralyze 
our international trade? 

The general opinion seems to be that the only way in which this can 
be accomplished is through greater co-operation between nations. In 
spite of the repeated failures of conventions, conferences, treaties and 
leagues we must continue to struggle for international co-operation. We 
must subordinate the selfish interests of belligerent nationalism to the 
welfare of society as a whole. Perhaps there is some reason to hope that 
the disorder which now delays the recovery of business will bring the 
nations to their senses. 


OF GENERAL INTEREST 


PROCEEDINGS OF THE SOCIETY 


MINUTES OF MEETINGS 
Boston Society of Civil Engineers 


Marcu 16, 1932. — The eighty-fourth 
Annual Meeting of the Boston Society of 
Civil Engineers was held today at the 
Boston City Club, and was called to order 
by the President, Harry E. Sawtell, at 
4.30 P.M. 

The reading of the minutes of the previ- 
ous meeting (February 17, 1932) was 
omitted, as these will be printed in the 
March JourNaL. The minutes of other 
previous meetings during the year were 
approved as printed in the JouRNAL of 
various issues. 

The President announced the death of 
Edwin H. Rogers, who died on March 6, 
1932, and who had been a member since 
April 21, 1909; and of Granville Johnson, 
who died on March 12, 1932, and who 
had been a member since March 17, 1908. 

The annual reports of the Board of 
Government, Treasurer, and Secretary 
were presented. Also the reports of the 
following committees: Library, Member- 
ship and Publicity, Registration and Li- 
censing of Engineers, Social Activities, 
Subsoils, Research, Run-off, Welfare, and 
Relation of Sections to main Society. 

Voted, That these reports be accepted 
and placed on file. The President stated 
that these will be published in the April 
JOURNAL. 

Voted, That the incoming Board of Gov- 
ernment be authorized to appoint such 
committees as it deems advisable. 


The Secretary read the report of the 
tellers of election, William S. Keefe and 
William C. Hawley, and in accordance 
therewith the President declared that the 
following officers had been elected for the 
ensuing year: 


President — Ralph W. Horne. 

Vice-President (for two years) — John 
B. Babcock, 3d. 

Secretary — Everett N. Hutchins. 

Treasurer — Karl R. Kennison. 

Directors (for two years)—John C. 
Moses, Edward Wright. 

Members of Nominating Committee (for 
two years) — W. W. Bigelow, Erwin 
Harsch and William D. Henderson. 


The President introduced Ralph W. 
Horne, the newly elected President, who 
responded briefly. The other officers 
elected were asked to rise as their names 
were read. 

The retiring President, Harry E. Saw- 
tell, then delivered his annual address on 
“Society Research.”’ 

Voted, That the Society express its 
appreciation to the retiring President for 
his success in administering the affairs of 
the Society during the past year. 

The meeting adjourned to assemble 
again at 7.15 p.M., the annual dinner being 
held during the interim. 

The President, Harry E. Sawtell, then 
called the meeting to order in the audi- 
torium for the presentation of prizes. 

He requested Prof. H. K. Barrows, mem- 
ber of the Desmond FitzGerald Award 
Committee, to present the Desmond Fitz- 
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Gerald medal to Mr. H. Kenneth Fair- 
banks, for his paper on “Wyman Dam 
and Hydro-Electric Power Development 
at Bingham, Maine,” presented at the 
meeting of the Boston Society of Civil 
Engineers on November 18, 1931, and 
printed in the December, 1931, JOURNAL. 

The President announced that the De- 
signers Section prize of books, suitably 
inscribed, had been awarded to J. Stuart 
Crandall, for his paper on ‘‘ Piles and Pile 
Foundations,” presented at the meeting 
of the Designers Section on March 10, 
1931, and printed in the May, 1931, 
JournaL. Mr. Charles R. Main, chair- 
man of the Designers Section award com- 
mittee, made the presentation to Mr. 
Crandall. 

The President stated that the Board of 
Government voted to award a copy of the 
late Clemens Herschel’s book, entitled 
“‘Frontinus and the Water Supply of the 
City of Rome,’’ to William M. Bassett 
for his paper on ‘‘Shrinkage of Concrete 
in Actual Structures,’ presented at a 
meeting of the Designers Section on 
December 10, 1930, and published in the 
March, 1931, JouRNAL; also a copy each 
to John B. Belknap and Clarence I. 
Sterling, co-authors, for their paper on 
“Tron in the Ground Water Supplies of 
Massachusetts,’ presented at the meeting 
of the Sanitary Section on December 2, 
1931, and printed in the January, 1932, 
JournaL. The President made the pres- 
entation of these books. ; 

The President announced that the 
Board of Government had elected three 
honorary members, as follows: Prof. 
C. Frank Allen, now the senior member 
of the Society, having been a member 
since March 24, 1875, and elected hono- 
rary member March 16, 1932; Mr. Charles 
T. Main, a member since June 17, 1891; 
and elected honorary member February 
17, 1932; and Dr. Karl T. Compton, 
President of Massachusetts Institute of 
Technology, elected honorary member 
January 27, 1932. These newly elected 
honorary members, except Professor Allen, 
who is traveling, were presented by the 
President with framed diplomas of mem- 
bership. Previous to these presentations, 
Mr. Irving E. Moultrop read a biographi- 
cal sketch of Mr. Charles T. Main, and 
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Mr. Robert Spurr Weston read a bio- 
graphical sketch of Dr. Compton. Each 
of these honorary members responded 
fittingly in accepting this honor. 

The diplomas presented read as follows: 


Boston Society of Civil Engineers 


In recognition of his great attainments 
as an Engineer among more than half a 
century of busy and useful engineering 
service, his helpful labors as President 
of this Society, and the high ethical and 
professional standards which he has ad- 
vocated and practised — 


CHARLES THOMAS MAIN 
has been duly elected an 
Honorary Member 
by the 
Boston Society of Civil Engineers 


By direction of the Board of Government 
February 17, 1932 


(SEAL) Harry E. SAwrTELL, 
President. 
EvERETT N. HUTCHINS, 
Secretary. 


Boston Society of Civil Engineers 


In recognition of his scientific attain- 
ments, his achievements in research, and 
his notable contributions to engineering 
education — 


KARL TAYLOR COMPTON, D.Enc. 
has been duly elected an 
Honorary Member 
of the 
Boston Society of Civil Engineers 


By direction of the Board of Government 
January 27, 1932 


(SEAL) Harry E. SAWwTeELt, 


President. 
EverETT N. HUvuTCHINs, 
Secretary. 


A very pleasing musical program was 
presented by Mr. George Millrood, violin- 
ist, of Toledo and Boston, accompanied 
by Miss Ethel M. Hutchinson, who. also 
rendered piano solos. 
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The President then introduced Prof. 
Ralph Evans Freeman, Associate Profes- 
sor of Economics, Massachusetts Institute 
of Technology, who gave an extremely 
interesting address on “International 
Factors in the Depression.” 

One hundred and thirty-three members 
and guests attended the dinner. 

The meeting adjourned at 9.30 P.M. 

Everett N. Hurcuins, Secretary. 


Sanitary Section 


Marcu 2, 1932. — At the annual meet- 
ing, at 6 P.M., 22 members and guests 
dined at Patten’s Restaurant. 

At 7.15 p.m. the meeting was called to 
order by the Chairman, in the Societies’ 
rooms, with 48 members and guests 
present. The minutes of the previous 
meeting, February 3, were read by the 
clerk and approved by the Section. 

The report of the Executive Committee 
was read and approved. 

The report of the Nominating Commit- 
tee was read and accepted. 

It was Voted that nominations be closed, 
and that the clerk be instructed to cast 
one ballot for the nominees. The ballot 
was cast as directed. 

The following officers were elected for 
the coming year: 


Chairman — Stuart E. Coburn. 

Vice-Chairman — George G. Bogren. 

Clerk — Frank L. Flood. 

Executive Committee — Prof. Thomas 
R. Camp, Theodore F. Hatch, Paul F. 
Howard. 


The speaker of the evening, Prof. 
Thomas R. Camp of Massachusetts Insti- 
tute of Technology, was introduced and 
presented a paper entitled ‘‘The Hy- 
draulics of Sewer Transitions.” The 
paper was illustrated by lantern slides. 

The paper described in detail the condi- 
tions existing at various stages of different 
types of transitions, and showed the 
derivation of formula for computing the 
hydraulic elements necessary in the de- 
sign of hydraulic transitions. 

The paper was discussed by Mr. Kenni- 
son and Professors Fair and Burden. 

Adjourned at 9.30 P.M. 

GEorGE G. BoGREN, Clerk. 
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Designers Section 


Marcu 9, 1932. — The regular meeting 
of the Designers Section was called to 
order at 6.10 p.m. by the Chairman in the 
Affiliation Rooms. 

The minutes of the February meeting 
were omitted, having previously been 
published. 

The report of the Nominating Commit- 
tee was read and it was voted that the 
clerk cast one ballot for those nominated. 
The new officers are as follows: - 


Chairman — Lawrence G. Ropes. 

Vice-Chairman — Frederic N. Weaver. 

Clerk — Herman G. Dresser. 

Executive Committee — Henry Brask, 
William W. Bigelow, Edward A. Varney. 


The Chairman then introduced Prof. 
F. Alexander Magoon of Massachusetts 
Institute of Technology, who spoke on 
“The Strength of Ships.’’ Professor 
Magoon traced the history of shipbuild- 
ing from the earliest times to the present, 
and described many interesting points of 
design and construction that are peculiar 
to ships. 

Many joined in the discussion following 
the talk., 

Twenty-two members and guests were 
present. 

The meeting adjourned at 7.50 P.M. 

Herman G. Dresser, Clerk. 


APPLICATIONS FOR 
MEMBERSHIP 


[April 20, 1932] 


Tue By-Laws provide that the Board 
of Government shall consider applications 
for membership with reference to the 
eligibility of each candidate for admission 
and shall determine the proper grade of 
membership to which he is entitled. 

The Board must depend largely upon 
the members of the Society for the in- 
formation which will enable it to arrive 
at a just conclusion. Every member is 
therefore urged to communicate promptly 
any facts in relation to the personal char- 
acter or professional reputation and ex- 
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perience of the candidates which will 
assist the Board in its consideration. 
Communications relating to applicants 
are considered by the Board as strictly 
confidential. 

The fact that applicants give the names 
of certain members as reference does not 
necessarily mean that such members en- 
dorse the candidate. 

The Board of Government will not con- 
sider applications until the expiration of 
fifteen (15) days from the date given. 


For Admission 


AsEL, RoBERT, Mattapan, Mass. (Age 
21, b. Chelsea, Mass.) Student at North- 
eastern University, and during co-opera- 
tive periods is employed by a building 
concern. Refers to H. B. Alvord, C. S. Ell, 
J.B. Komich, W. E. Nightingale. 

BurstEIN, Morris BERNARD, Chelsea, 
Mass. (Age 23, b. Kiev, Russia.) At 
present a senior at Tufts Engineering 
School. During the summer of 1930 was 
engineering aide in the Highway Depart- 
ment of Massachusetts Public Works. 
During summer of 1931 was inspector of 
construction on the new Weston by-pass. 
Refers to Robinson Abbott, H. P.. Burden, 
S. L. Conner, F. N. Weaver. 

*CASAGRANDE, ARTHUR, Cambridge, 
Mass. (Age 30, b. Haidenschaft, Italy, 
formerly Austria.) Studied civil en- 
gineering at the Technische Hochschule 
in Vienna from 1919 to 1924. During 
this time had some practical experience 
in tunnel construction in connection with 
the hydro-electric development of Aus- 
tria, during two summers, six months in 
all. After graduating, was for two years 
assistant in hydraulics at Technische 
Hochschule in Vienna. Came to this 
country in April, 1926, and from May to 
November, that year, was draftsman with 
Carnegie Steel Company in Newark, N. J.; 
from November, 1926, to date employed 
as research assistant and research special- 
ist with United States Bureau of Public 
Roads, Washington, D. C., with head- 
quarters at Massachusetts Institute of 
Technology. Refers to C. B. Breed, J. S. 
Crandall, I. B. Crosby, F. A. Marston, 
C. M. Spofford. 

PRESPER, STEWART Henry, Wakefield, 


Mass. (Age 23, b. Santa Clara, N. Nee, 
Graduated from Wakefield High School 
in 1927, and went to work for A. G. Toma- 
sello & Son, Contractors, until January, 
1929, at which time entered Northeastern 
University. During co-operative periods 
has been employed by A. G. Tomasello & 
Son as engineer and time keeper; as rod- 
man for city of Medford; also with Turner 
Construction Company; and as rodman 
and material clerk in the construction of a 
hospital; is now working for the Donnelly 
Advertising Company every alternate five 
weeks. Refers to H. B. Alvord, J. W. 
Copithorne, T. H. Fisk, J. B. Komich. 

Tuomas, JOHN GRIMES WALKER, Bos- 
ton, Mass. (Age 30, b. Boston, Mass.) 
Graduate of Harvard College in 1924, and 
Harvard Engineering School in 1927, cum 
laude. Was assistant to Prof. L. J. John- 
son during the winter of 1927-28. Started 
work as a statistician with Walworth 
Company in the fall of 1928, and kept at 
that until the end of 1929, when he changed 
to sales promotion work with same firm; 
then worked for a while with Turner Con- 
struction Company on the new Harvard 
physics laboratory until December; at 
intervals with Howard M. Turner, on 
water power and valuation work; at 
present is holding a temporary position 
with the city of Boston. Refers to G. M. 
Fair, G. E. Griffin, L. J. Johnson, H. M. 
Turner. 


For Transfer from Grade of Junior. 


GIBLIN, THOMAS G., Wakefield, Mass. 
(Age 27, b. Boston, Mass.) Graduate of 
Mechanic Arts High School in 1923; grad- 
uate of Northeastern University in 1927, 
civil engineering. During co-operative 
periods of second, third and fourth years 
worked with Charles J. Elliott, civil engi- 
neer and surveyor of land surveys in 
Boston and surrounding cities. From 
May, 1927, to date employed by the 
Massachusetts Department of Public 
Works as transitman, work in office for 
Preliminary Department on estimates of 
road projects, and on construction jobs in 
the capacity of assistant and resident engi- 
neer. Refers to G. A. Haskins, K. G. 
Hulsman, D. M. Moore, L. A. Ranlett,G. A. 
Scott. 
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PERRY, GEORGE NELSON, Waltham, 
Mass. (Age 27, b. Waltham, Mass.) 
Graduate of Northeastern University, 
since which has been employed by J. R. 
Worcester & Co. Refers to H. B. Alvord, 
J. W. Howard, E. E. Pettee, J. R. Worcester, 
Thomas Worcester. 


ADDITIONS 
Member 


~Epwarp C. Roc#e, Massachusetts Insti- 


tute of Technology, Cambridge, Mass. 


Honorary Members 
Dr. Kart T. Compron, Massachusetts 
Institute of Technology, Cambridge, 
Mass. 


- Cwarces T. Maryn, 201 Devonshire Street, 


Boston, Mass. 
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Juniors 


Louis FELDMAN, 10 Bassett Street, Chel- 
sea, Mass. 

IsRAEL GOLD, 643 Beach Street, Revere, 
Mass. 

Henry R. Hamitton, 247 Kent Street, 
Brookline, Mass. 

GERALD T. Pittspury, 247 Kent Street, 
Brookline, Mass. 

FRANK VENTI, 50 Neptune Road, East 
Boston, Mass. 


DEATHS 
Epwin H. ROGERS Mar. 6, 1932 
GRANVILLE JOHNSON Mar. 12, 1932 
HERBERT C. DAGGETT Mar. 17, 1932 
ELtwyn L. RUSSELL . Mar. 20, 1932 
EpWARD S. SMILIE Mar. 21, 1932 


ANNUAL REPORTS 


Report of the Board of Government for the Year 1931-32 


Boston, March 16, 1932. 
To the Boston Society of Civil Engineers: 


Pursuant to the requirements of the By-Laws, the Board of Government presents 
its report for the year ending March 16, 1932. 


Membership 


Forty-one new members, associates and juniors, have been added during the year, 
of whom 3 were former members reinstated. One honorary member has been added and 
two present members have been elected honorary members; twenty-three juniors have 
been transferred to the grade of member. 

During the year 14 members have died, 28 have resigned, 74 have forfeited member- 
ship for non-payment of dues, making the total deductions 116. 

The present membership of the Society consists of 4 honorary members, 791 mem- 
bers, 160 juniors, 17 associates, and 1 member of the Sanitary Section only, making a 
total membership of 973, a net loss for the year of 74. 

The honorary membership list now is as follows: 


John R, Freeman, elected September 19, 1917. 
Charles T. Main, elected January 28, 1932. 

Dr. Karl T. Compton, elected February 17, 1932. 
Prof. C. Frank Allen, elected March 16, 1932. 


Deaths 


Lester W. Tucker, March 24, 1931. 
Henry D. Woods, April 2, 1931. 

Alger A. Conger, May 26, 1931. 
Edward Willard Howe, June 27, 1931. 
George Fillmore Swain, July 1, 1931. 
Carl H. Nelson, July 23, 1931. 

Frank P. Morrill, July 26, 1931. 
Charles S. Parsons, October 15, 1931. 
Howard A. Carson, October 26, 1931. 
Ernest M. Young, November 17, 1931. 
Luke D. Mullen, January 7, 1932. 
Thomas F. Bowes, January 24, 1932. 
Edwin H. Rogers, March 6, 1932. 
Granville Johnson, March 12, 1932. 
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Remission of Dues 


Under authority of By-Law 8, the Board of Government has remitted the dues of 
twenty-seven members. 


Exemption from Dues 


Sixty-four members are now exempt from dues in accordance with By-Law 8, 
which provided that ‘‘a member of any grade who has paid dues for forty years, or who 
has reached the age of seventy years and has paid dues for thirty years, shall be exempt 
from further dues.” 


Meetings of the Society 


Eight regular meetings have been held during the year, and a joint outing with the 
New England Water Works Association on June 23, 1931, at the Sandy Burr Country 
Club, Wayland. The April, 1931, meeting was held jointly with the Engineering Socie- 
ties of Boston, and one inspection trip was made. 

The average attendance at the meetings of the Society was 141, the largest being 
330 and the smallest 65. Buffet suppers have been a feature of all the meetings. At 
these meetings papers and addresses have been given, as follows: 


March 19, 1931.— Annual Meeting. Address of retiring President, Lewis E. 
Moore, ‘‘A Suggestion for Engineering Education,” followed by dinner, smoker and 
entertainment. 

April 15, 1931. — Joint meeting with the Engineering Societies of Boston. “‘De- 
sign and Construction of Lighter-than-Air Craft,” by V. R. Jacobs, Assistant Man- 
ager, Aeronautical Department, Goodyear Tire and Rubber Company. Members of 
the Boston Society of Civil Engineers and their families attended a supper in Chip- 
man Hall previous to the lecture. 

May 20, 1931.— “Fifteen-Mile Falls Lower Development,” by Clarence R. Bliss, 
Assistant Designing Engineer, New England Power Engineering and Service Corpo- 
ration. ; 

September 23, 1931. — Inspection trip to Watertown Arsenal, Watertown, under 
direction of Col. Tracy C. Dickson, during the afternoon, and in the evening a talk 
by Colonel Dickson on “The Work of the Watertown Arsenal.” 

October 21, 1931, — ‘Traffic and Operation of New England Railroads,” by Prof. 
J. B. Babcock, Massachusetts Institute of Technology; and ‘‘Railway Consolidation 
in New England,” by Prof. Charles B. Breed, Massachusetts Institute of Technology. 

November 18, 1931.—‘‘Wyman Dam and Hydro-Electric Power Development 
at Bingham, Maine,” by H. K. Fairbanks, Engineering Department, New England 
Public Service Company, Augusta, Maine. ; 

December 16, 1931. — ‘‘Geological Problems of Engineering,” by Prof. Kirk 
Bryan, Professor of Physiography, Department of Geology and Geography, and Harvard 
Engineering School, Harvard University. 

January 28, 1932. — ‘The Mechanical and Hydraulic Features of the McIndoes 
Falls Hydro-Electric Development of the Grafton Power Company,” by Harry E. 
Popp, Mechanical Engineer, New England Power Engineering and Service Corpora- 
tion, Boston, Mass. eat re 

February 17, 1932. — Joint meeting with the Student Engineering Societies of 
Massachusetts Institute of Technology, Harvard University, Tufts College and North- 
eastern University. ‘Recent Developments in the Design and Construction of High- 
ways,” by Raymond W. Coburn, Construction Engineer, Massachusetts Department 
of Public Works; and ‘Recent Developments in the Use and Maintenance of High- 
ways,”’ by George H. Delano, Maintenance Engineer, Massachusetts Department of 


Public Works. 
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Sanitary Section Meetings 


The Sanitary Section has held five meetings and one excursion during the year, with 
an average attendance of 34. The following papers have been presented: 


March 4, 1931.— Annual Meeting. “The Trial Water Filtration Plant at Ot- 
tawa,” by Dr. George G. Nasmith of Gore, Nasmith & Storrie, Consulting Engineers 
of Ontario, Ont. ? ; 

April 1, 1931. — ‘Mosquito Control,” by Edward Wright, Chairman, Massa- 
chusetts State Reclamation Board. Discussion by Robert W. Wales, Entomologist 
of the Board. 

June 6, 1931.— Excursion to Woonsocket, R. I., Sewage Treatment Works, 
as guest of Joseph H. White, Commissioner of Public Works. . 

October 7, 1931. — ‘‘Financial Considerations of Municipal Sanitation,’’ by Charles 
W. Sherman of Metcalf & Eddy. 

December 2, 1931.— ‘Occurrence of Iron in Ground Water Supplies of Massa- 
chusetts,” by Clarence I. Sterling and John B. Belknap, Engineering Assistant and 
Past Engineering Assistant, respectively, Massachusetts Department of Public Health. 

February 3, 1932. — Motion Pictures of Sewage Treatment Works in England and 
United States, by E. Sherman Chase of Metcalf & Eddy. 


Designers Section Meetings 


The Designers Section has held seven regular meetings and one joint meeting with 
the Highway Section during the year. The average attendance has been 76. The follow- 
_ ing papers have been presented: 


March 11, 1931, — Annual Meeting. “Piles and Pile Foundations,” by J. Stuart 
Crandall of Crandall Engineering Company. 

April 8, 1931. — ‘Light Weight Floor and Roof Construction,” by Burton S. 
Brown and Joseph B. Harriman. : 

May 13, 1931. — Joint meeting with Highway Section. “The Structural Design 
of the New East Boston Tunnel,” by Benjamin A. Loveland, Assistant Engineer, 
Boston Transit Department. 

October 14, 1931. —‘‘The Correction Works for the Harbor of Wilhelmshaven, 
Germany, and Protection Works on the Island of Wangeroog,’”’ by Prof. Kenneth C. 
Reynolds, Massachusetts Institute of Technology. 

November 12, 1931. — ‘‘Moisture Penetration in Masonry Walls,’’ by Howard A. 
Gray, Engineer, Morton C. Tuttle Company. 

December 9, 1931.— Discussion of the ‘‘Proposed Boston Building Code,” by 
Edward W. Roemer, Building Commissioner, city of Boston, Paul W. Norton, Maurice 
A. Reidy, and John R. Nichols. 


_ January 13, 1932.— ‘Physical Properties of Clay,’’ by Arthur Casagrande, 
United States Bureau of Public Roads. 
February 10, 1932. — ‘‘Design of Form Work for Concrete,’’ by Joseph Tucker 


of the Tucker Concrete Form Company, and Edwin F. Allbright of the Grid Flat Slab 
Corporation. 


Highway Section Meetings 


The Highway Section has held four regular meetings during the year. The average 
attendance has been 54. The following papers have been presented: 


February 25, 1931.— Annual Meeting. ‘Preferred Speeds,’’ by Clarence P. 
Taylor, Traffic Engineer, Massachusetts Department of Public Works. 
May 13, 1931.— Joint Meeting with Designers Section. “Structural Design of 


the New East Boston Tunnel,’”’ by Benjamin A. Loveland, Assistant Engineer, Boston 
Transit Department. 
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September 19, 1931.— Inspection trip to Memorial Drive Underpass at Massa- 
chusetts Avenue, Cambridge, and to the new Tyngsborough Bridge across the Mer- 
rimack River at Tyngsborough. 

November 24, 1931.— ‘Traffic Regulation and Control Methods in the Large 
American Cities,” by D. Grant Mickle, Sheldon Traveling Fellow at Harvard Uni- 
versity. 


Northeastern. University Section 


The Northeastern University Section has held five meetings during the year, includ- 
ing inspection trips, with an average attendance of 24. 


May 21, 1931. 


Annual Meeting. “Design and Erection of the Tyngsborough 


_ Bridge,’ by A. E. Sanderson, Chief Draftsman, Boston Bridge Works, and A. E. 


Harding, General Superintendent, Simpson Bros. Corporation. 

October 9, 1931. — Excursion to new underpass of Memorial Drive, under Massa- 
chusetts Avenue, Cambridge. Mr. McSweeney of the Metropolitan District Com- 
mission acted as guide. 


November 10, 1931. — ‘‘What Comes before Construction,”’ by Col. F. M. Gunby 
of Chas. T. Main, Inc. 
December 10, 1931.— ‘Triangulation of the Cascade Tunnel in the State of 


Washington,” by Prof. Henry B. Alvord, Northeastern University. 
January 15, 1932. — Inspection trip to North Station Terminal, Boston & Maine 
Railroad. Mr. Baldwin of the Boston & Maine Railroad acted as guide. 


Journal 


The report of the Editor of the JouRNAL for the calendar year 1931 shows that there 
have been printed ten issues, containing a total of 515 pages, and an average of 1,438 
copies of each issue was printed. The net cost in 1930 was $3,812.86, or $5.27 per page. 
The net cost of the JouRNAL in 1931 was $2,634.18, or $5.11 per page. The report of 
the Editor will be printed in the April JOURNAL. 


Permanent Fund 


The Society again authorized the use of the income of the Permanent Fund in pay- 
ment of current expenses. Details concerning the fund will be found in the Treasurer’s 
report. 

FitzGerald Fund 


The present value of the fund established by a bequest from the late Desmond Fitz- 
Gerald, a past president and honorary member of the Society, is $2,317.16. The income 
from this fund is to be used for charitable and educational purposes. The Board voted on 
December 16, 1931, that the income from the FitzGerald Fund be placed at the disposal 
of the Welfare Committee for use as it deems best for the relief of any members of the 
Society within the meaning of the deed of gift. The Board voted on January ie WERE 
to appropriate this year, from the income of this fund, the sum of $100, to be known as 
the Boston Society of Civil Engineers Scholarship in memory of Desmond FitzGerald, 
to be given to a student at Northeastern University, and this will be presented to the 
selected student at a special meeting of the students to be held at an early date at the 
University. 

Freeman Fund 


Clifford P. Kittredge has continued for a second year, beginning June, 1931, to 
hold the Freeman Fund Traveling Scholarship. The scholarship provides for a year’s 
study and work in the European Hydraulic Laboratories. 
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Tinkham Memorial Fund 


The “Samuel E. Tinkham Fund,” established at the Massachusetts Institute of 
Technology by the Society “‘to assist some worthy student of high standing to continue 
his studies in civil engineering,” had a value of $2,715.78 on July 1, 1931. Mr. Rolf 
Eliassen of Belmont, Massachusetts, a student in civil engineering in the class of 1932 
at Technology, has been awarded this scholarship for the year 1931-32. 

Attention is called to the fact that the tuition at the Massachusetts Institute of 
Technology is now $500 per year, whereas the income from the Tinkham Fund is about 
$135. Additional donations to this fund would make it of greater service for the purpose 
for which it was established. 


Desmond FitzGerald Medal 


In accordance with the recommendation of the Committee, the Board of Govern- 
ment voted to award the Desmond FitzGerald Medal, for the best paper by a member of 
the Society published during the year, to H. K. Fairbanks, member, for his paper on 
“Wyman Dam and Hydro-Electric Power Development at Bingham, Maine,”’ presented 
before the Societyon November 18, 1931, and published in the December, 1931, JOURNAL, 


Alexis H. French Fund 


The Alexis H. French Fund, amounting to $1,000, was received by the Society in 
1931 from the late Alexis H. French of Brookline, the income of which is to be devoted to 
the Library of the Society. 


Section Prizes 


The Board voted on April 12, 1924, ‘‘to present a prize for a worthy paper given in 
each Section by a member of that Section,’ this award to consist of books suitably 
inscribed. 

The Board has adopted the recommendation of the Special Committee on Section 
Awards, and voted that the Designers Section Prize be awarded to J. Stuart Crandall, 
member, for his paper on “‘ Piles and Pile Foundations,”’ presented at the meeting of the 
Designers Section on March 10, 1931, and published in the May, 1931, JouRNAL. 


Clemens Herschel Award 


The late Clemens Herschel, a former past president and honorary member of the 
Society, had assigned to the Society a number of copies of his book on “Frontinus and 
the Water Supply of the City of Rome,” with the request that the Board award one or 
more of the books each year as prizes for papers which have been particularly useful 
and commendable, and worthy of grateful acknowledgment. During the year 1931 the 
Society received a bequest from the late Clemens Herschel amounting to $1,000, the 
income of which is to be used for the same purpose. 

The Board has voted to present at this time a copy of this book to the following: 

1. William H. Bassett, for his paper on ‘‘Shrinkage of Concrete in Actual Struc- 
tures,’ presented at the meeting of the Designers Section, December 19, 1930, and pub- 
lished in the March, 1931, JouRNAL. 

2. John B. Belknap and Clarence I. Sterling, Jr., co-authors, for their paper on 
“Tron in the Ground Water Supplies of Massachusetts,’”’ presented at a meeting of the 
Sanitary Section, December 2, 1931, and published in the January, 1932, JouRNAL. 
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Sections 


_ Twenty-two meetings and one inspection trip were held by the Sections of the 
Society during the year. These meetings of the Sections, offering opportunity for less 
formal discussion, have continued to demonstrate their value to their members and to 
the Society. The variety of subjects presented has made an appeal to the members, 
as indicated by the general attendance at these meetings. 


Social Activities 


The regular meetings of the year have been held at Chipman Hall, Tremont Temple, 
preceded by the buffet suppers, under the direction of the Social Activities Committee. 
There is general satisfaction with the efforts of the Committee on Social Activities in 
serving these buffet suppers and smokers. As usual, the most enthusiastic meeting was 
the Student Night, attended by members of the student Engineering Societies of Massa- 
chusetts Institute of Technology, Harvard, Tufts and Northeastern University, at which 
time representatives of the musical clubs of the latter school assisted in the entertain- 
ment. 


Library 
| The report of the Committee on Library contains a complete account of the library 
activities during the year. 

Society Activities 


The usual special committees dealing with the general activities and conduct of the 
Society have included the following: Program, Publication, Library, Social Activities 
and Membership and Publicity. Other special committees have included the following: 
Subsoils of Boston, Run-off, Research, Registration and Licensing of Engineers, Relation 
of Sections to the Main Society, Awards of Prizes, and Welfare Committee. Each of 
these committees has made a distinct contribution to the Society and has developed fields 
of endeavor which will prove of great benefit to the members. 

The Society has co-operated with the Engineering Societies of Boston in its program, 
and many members of the Society have served on Engineering Societies’ committee. 

Your Board, in conclusion, wishes to express its appreciation of the excellent work 
done by the officers of the Sections and by the committees of the Society. 


For the Board of Government, 


Harry E. SAWTELL, President. 


Report of the Treasurer 
Boston, March 10, 1932. 


To the Boston Society of Civil Engineers: 
ded tables: Table 1, presenting receipts and 


Your Treasurer submits the three appen 
expenditures on account of the Society’s seven funds; Table 2, recording investments 
and the income therefrom; and Table 3, summarizing the distribution of assets. 

All interest and dividends of the Permanent Fund were transferred to the Current 
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Fund. Following is a brief statement of current expenditures, year by year, and shows 
the extent to which they have been met by the transfer of Permanent Fund income: 


——__——— ee OO 00 OEE 


1927-28 1928-29 1929-30 1930-31 1931-32 
Net expenditures (except such as pro- 
vided for by special appropriations) | $9,922 | $9,489 | $9,815 | $9,443 | $10,086 
Members’ dues received 7,323 7,635 7,794 8,028 7,045 
Deficit $2,599 | $1,854 | $2,021 | $1,415 | $3,041 
Transfer of Permanent Fund income 
to Current Fund . $2,350 | $2,404 | $2,544 | $2,647 | $2,664 


Unexpended income from the investments in funds other than the Permanent Fund 
has accumulated as follows: 


John R. Freeman Fund $841 54 
Edmund K. Turner Fund 23 47 
Desmond FitzGerald Fund 312 16 
Alexis H. French Fund 40 40 
Clemens Herschel Fund 42 07 


All securities have been carried on the books at their cost. 


Recent changes in the 
total amounts of the Society’s two principal funds are as follows: 


March 1, March 1, March 1, March 1, March 10, 
1928 1929 1930 1931 1932 
Permanent Fund: 
Book value . ‘ . | $49,349 | $47,876 | $48,688 | $49,108 | $50,081 
Market value. , . ~ - —| 53,457 | 46,488 
John R. Freeman Fund: | 
Book value . : - | $28,437 | $27,473 | $27,615 | $26,721 | $26,722 
Market value , ! ; ~ - 31,231 23,278 


The total book value of all assets is $93,991.39, of which $9,905.11 is the estimated 
value of the library and furniture. 


Respectfully submitted, 


Kari R. KENNISON, Treasurer. 
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TABLE 1.— RECEIPTS AND EXPENDITURES 
[Figures in parentheses are the Secretary's account numbers] 


Current Fund 


Receipts 
Balance March 1, 1931 : z . 4 : s . $2,244 24 
Transferred from Permanent Fund income . : . : : 2,663 62 
Meetings: 
Social activities - : s - : 2 » (3) $357 93 
JOURNAL: 
Sale of reprints : : : ; : : es) 59 22 
Advertising . : : ; E ; : . (34) 1,350 00 
Sale of JOURNALS . : : : . 2 Hod) 187 90 
Library: 
Fines. é i : : : ‘ P . (45) 1RG2 
Miscellaneous: 
Badges . J ; : ‘ E51) 90 00 
Binding JOURNALS bee eteibers “ (52) 40 00 
Miscellaneous receipts, including $100 for tee nlavacat 
relief , : 2 : : : : . (54) 109 48 
Total distributed receipts : ; : : : 2,206) 15 
Dues 3 . e : ar ee ‘ : . (70) 7,045 46 
Total received from Secretary for Current Fund : ; : ee O25 no 
$14,159 47 
Expenditures 
Office: 
Secretary — salary and expense (1) $300 00 
Stationery, printing and postage : ; 3 (RZ) 482 10 
Incidentals and petty cash 5 : j : mee) Th As; 
Insurance and Treasurer’s bond : ( 4) 30 06 
Safety uae box (75) 10 00 
Prizes ( 6) 43 95 
Meetings: 
Rent of halls, etc. .- ; : : Pers) 227 50 
Stationery, printing and eee : re) 320 61 
Social activities , : (13) 695 80 
Reporting (14) 36 00 
Stereopticon (15) 59 95 
Annual meeting (16) 207 10 
Sections: 
Sanitary Section (21) 134 70 
Designers Section (22) 145 74 
Highway Section (23) 36 20 
Northeastern University ae (24) 33 95 
$2,850 81 


Amount carried forward 
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Amount brought forward ° . : i _ ; $2,850 81 
JOURNAL: 
Editor — salary and expense. : ; ’ sal) 478 60 
Printing and postage 5 ; ; : : PGA Ree 
Reprints 4 5 : : : : tea) SOe27 
Advertising, commissions, etc. . ; < : . (34) 382 05 
Library: 
Librarian — salary and expense : ; : . (At) 172 50 
Periodicals . ; ; f } ' : . (43) 110 75 
Binding . : ; , : : ; } . (44) 137 65 
Miscellaneous: 
Badges . : : : s SL) 90 00 
Binding JouRNALS for members! ‘ : : me 52) 40 00 
Board of Reference . : ; . : 53) 9 97 
So pautee. on unemployment relict 5 : : . (54) 100 00 
Total distributed expenditures ; ; : , Selon 45 
Engineering Societies of Boston . : : : . (59) 4,535 00 
————— $12,292 45 
Balance March 10, 1932 : : : ‘ : , : : 1,867 02 
$14,159 47 
Permanent Fund 
: Receipts 
Balance March 1, 1931: 
Investments .-. : : : ; : ; $48,857 08 
Cashin ; : 3 : . . , : : 251 29 
> 19108357 
Income from investments: 
Interest: 
Bonds : : ; ; : : : ~ $845.23 
Co-operative Panke : ‘ ; : : d : 928 40 
Savings banks. ; : é : : ft , Silly PAG 
Checking account : : ‘ E . : : Ligss 
Dividends ‘ : ‘ : ; ; ; ; ; 563 00 
Total interest and dividends . : : : : . $2,663 62 
Profit on sales : : * , : : . : 612 50 : 
———— 3,276 12 : 
Entrance fees. : 4 ? : ‘ : = (G4) 360 00 
$52,744 49 
Expenditures 
Income transferred to Current Fund F ; : : : ‘ . $2,663. 62 
Balance March 10, 1932: 
Investments . P / ; : ‘ , : $49,919 29 
(Cachmmaee : ; : : : : . ? ; 161 58 
50,080 87 


$52,744 49 
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John R. Freeman Fund 


PRINCIPAL ACCOUNT 


Receipts 
Balance March 1, 1931: 
Investments . : : ; : : : : $25,380 30 
Cash : : ; ; ; : : ; : : 499 70 
—_—§—— $25,880 00 
Expenditures 
None. 
Balance March 10, 1932: 
Investments . : ; ‘ : : ; ; $25,843 88 
Cash : y : : : : : : : : 36 12 
SF 5 O00L00 
INTEREST ACCOUNT 
Receipts 
Balance March 1, 1931 ; ; : . ; P $841 33 
Interest — Checking account : . : ; : : $10 30 
Dividends . : ; : p ; : ; : . 1,801 91 
| Total interest and dividends . , ; ; , ee — ot ee 
' ————$—— ns 
| $2,653 54 
Expenditures 
_ Traveling scholarships : ae : : : . $1,809 00 
Miscellaneous . : d ; ; d : ; ' 3 00 
(62) $1,812 00 
Balance March 10, 1932 : 841 54 
| $2,653 54 
| Edmund K. Turner Fund 
PRINCIPAL ACCOUNT 
(No change during year) 
Balance March 10, 1932 — Investments : : : : F : $993 75 
INTEREST ACCOUNT 
Receipts 
Balance March 1, 1931 $14 17 
Interest — Bond 50 00 
$64 17 
Expenditures 


. (63) $40 70 


Books : 
2347 


Balance March 10, 1932 


$64 17 
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Desmond FitzGerald Fund 
PRINCIPAL ACCOUNT 
(No change during year) 
Balance March 10, 1932 — Investments ee ; ; . $2,005 00 


INTEREST ACCOUNT 


Receipts 
Balance March 1, 1931 : 4 ‘ é ; a pe : , $212 16 
Interest — Bonds 4 : , Z 2 s : 5 2 100 00 
$312 16 
Expenditures 
None. 
Balance March 10, 1932 4 : : ; ; : x : $312 16 
: Alexis H. French Fund 
PRINCIPAL ACCOUNT 
Receipts 
Balance March 1, 1931 — Investments . . : : ‘ . $1,000 00 
Expenditures 
None. 
Balance March 10, 1932: 
Investments . : ; d ; . ; . . $1,040 00 
Cash ; : . , : : ‘ a Ta . —40 40 
——— $1,000 00 
INTEREST ACCOUNT 
Receipts 
Interest — Savings bank  . : . ; : ; : ; 3 $40 40 
Expenditures 
None. 
Balance March 10, 1932 ; : ; : ‘ 3 : F é $40 40 


Clemens Herschel Fund 


PRINCIPAL ACCOUNT 


Receipts 
Balance March 1, 1931 — Investments . : . ; : : . $1,000 .00 
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Expenditures 
None. 
Balance March 10, 1932: 
Investments 
Cash 


INTEREST ACCOUNT 


Receipts 
Interest — Savings bank 


Expenditures 
None. 
Balance March 10, 1932 


. $1,042 07 
—42 07 
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$1,000 00 


$42 07 


$42 07 
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REPORT OF AUDITING COMMITTEE FOR YEAR 1931-32 
Boston, March 12, 1932. 


We have examined the accounts of the treasurer of the Boston Society of Civil 
Engineers and find the books properly kept and the various expenditures of the past 
year supported by duly approved receipts. 

The Treasurer has also accounted to us for the investments and cash on hand, as 
submitted in the above report. 

Joun B. Bascock, 3d, 
Gorpon M. FArr, 
Auditing Committee of the Directors of the 
Boston Society of Civil Engineers. 


Report of the Secretary 
Boston, Mass., March 16, 1932. 


Everett N. Hutcuins, Secretary, im Account with the Boston SociETY OF CIVIL 
ENGINEERS, Dr. 


For cash received during the year ending March 16, 1932: 


From entrance fees, new members and transfers: 


11 new members and associates at $10 00 : , . $110 00 
27 juniors at . F : 5) P2E00 ; : : 135 00 
23 juniors transferred to Tremuvete ate UU ; : : 115 00 
Total from entrance fees : : J , : : ; ; $360 00 


From annual dues for 1931-32, including dues from new mem- 


bers . : - : : : F ’ : . $6,869 46 

From back dues . : : ; : : : ; 136 00 

From dues for 1932-33 $ : : : : : : 40 00 
Total from dues 7,045 46 
From advertisements . 1,350 00 
From sale of JOURNALS 187 90 
From reprints 59 22 
From library fines and Pictiaannus 21 10 
From sale of badges 90 00 
From binding JouRNALS for qoembers 40 00 
From Social Activities Committee (smokers) . 357 93 
From donation for Welfare work . 100 00 
$9,611 61 


Total receipts 


The above amount has been paid to the Treasurer, whose receipts the Secretary 


holds. 
The appended table shows the estimated and the actual expenditures for the year. 


Everett N. Hutcuins, Secretary. 
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CoMPARISON OF ESTIMATED AND ACTUAL EXPENDITURES, 1931-32 


Account Estimated Actual 
Number Expenditures Expenditures 
Office : 
Secretary, salary and ex- 
pense : ‘ : (1) $325 00 $300 00 
Stationery, printing and 
postage : , ‘ (2) 300 00 482 10 
Incidentals and petty cash . (3) 125 00 87 15 
Insurance and Treasurer’s 
bond. : ; : (4) 35 00 30 06 
Safety deposit box. : (5) 10 00 10 00 
Prizes : , ; ; (6) 40.00 43 95 
Total : . : —$—_————— $835 00 -—————_ $953 26 
Meetings: 
Rent of halls, etc. —. : (11) $250 00 $227 50 
Stationery, printing and 
postage - . : : (12) 325 00 320 61 
Social activities (net) : (13) 400 00 SSfeon 
Reporting and stereopticon | (14, 15) 100 00 95 95 
Annual meeting (1931) : (16) 175 00 207 10 
Total E be, aay" — 1,250 00 |———_ 1,189 03 
Sections: 
Sanitary Section , : (21) $175 00 $134 70 
Designers Section : (22) 100 00 145 74 
Highway Section ‘ ’ (23) 50 00 36 20 
Northeastern University 
Section . ; P P (24) 50 00 33 95 
Total : e ; ——_— 375 00 | 350 59 
Journal: : 
Editor, salary and expense . (31) $500 00 $478 60 
Printing and postage .| (32) | 4,000 00 3,325 90 : 
Reprints (net) . ; Less) 75 00 - 
Total é : : ————._ 4,575 00 |——-_. 3, 804 50 3 
Library: ; 
Librarian, salary and ex- . 
peuscmet ay se Sb nthe eT Soane $172 50 | 
Books ; ; g , (42) 50 00 = 
Amounts carried forward - $200 CO $7,035 00 $172 50 $6,297 38 
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COMPARISON OF ESTIMATED AND ACTUAL EXPENDITURES, 1931-32 — Concluded 


LT 


Account Estimated : Actual 
Number Expenditures Expenditures 
Amounts brought forward - $200 00 $7,035 00 | $172 50 $6,297 38 
Periodicals 2 ; “ (43) 160 00 110 75 
Binding . F : : (44) 150 00 137 65 
Total F . : ——- 510 00 |—————_ 420 90 
Dues to Engineering Socie- | 
ties of Boston P e (59) 4,535 00 4,535 00 
Board of Reference . : (53) 50 00 9 97 
Total Expenditures . : : $12,130 00 $11,263 25 


ee sna \<qmonDh@j> 


Report oF AUDITING COMMITTEE FOR YEAR 1931-32 
‘ 
| Boston, March 12, 1932. 


We have examined the records and accounts of the Secretary of the Boston Society 
of Civil Engineers and have satisfied ourselves that they are properly kept, and that the 
money received has been transferred to the Treasurer. 


Joun B. Bascock, 3d, 
Gorpon M. Fair, 
Auditing Committee of the Directors of the 
Boston Society of Civil Engineers. 
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Report of the Editor 
Boston, February 1, 1932. 


To the Board of Government, Boston Society of Civil Engineers: 


The Editor submits the following report for the calendar year 1931 (Volume XVIII) 
of the JOURNAL. 

During the year 1931 there have been published twelve papers presented at meetings 
of the Society and Sections; six other articles; one book review; two memoirs of de- 
ceased members; and the report of the Committee on Subsoils of Boston. 

The ten issues of the JouRNAL contained 515 pages; an average of 1,438 copies of 
each issue are printed. The net cost was $2,634.18 as compared with $3,812.86 for the 
preceding year. 

Table 1 includes a comparison of costs for the JouRNAL from 1927-31, inclusive. 
In Table 2 details of cost for Volume XVIII of the JouRNAL for the calendar year 1931 are 
shown. 

The December issue of each volume contains the Contents and Index for the year. 


Respectfully submitted, 


Everett N. Hurcuins, Editor. 


TABLE 1.— CoMPARISON OF Costs OF JOURNAL, 1927-31, INCLUSIVE 


ae Gross Costt Net Costt Number 
YEAR Vol. 0: ate 2 

Pages* and 
Total Per Page Total Per Page|| Inserts 

19275; : MeN LV 700 || $4,155 56 | $5 94 || $2,905 31 | $4 15 WAL 
1928 . : WV 638 4,143 38 6 49 2,554 11 4 00 150 
1929. : 3 | evel 641 4,525 79 7 06 2,854 17 4 45 || ° 116 
1930 . ; y PeeV AIL 723 5,107 16 7 06 3,812 86 SoH, 167 
1931. : seh Sa 515 3,916 95 7 60 2,634 18 ala 99 


* Includes Advertising Section and Annual Index. 
t Gross cost included editing, printing, mailing and reprints. 


t Net cost equals gross cost less amounts received for advertising, subscriptions and sale of JoURNALS 
and reprints. 
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Report of the Library Committee, 1931-32 


Boston, March 16, 1932. 
To the Boston Society of Civil Engineers: 


The Chairman submits, for the Library Committee, the following report for the 
year 1931-32: 

During the year 291 books have been loaned to members of the Society, or to mem- 
bers of other societies included in the Engineering Societies of Boston, and fines amount- 
ing to $11.62 have been collected. 

The books listed in last year’s report as having been received from the library of 
Clemens Herschel have been cataloged and placed in a separate collection on the shelves 
of the Library. 

Several shelves of books have been rearranged under the direction of Haward 5: 
Averell. He has also checked our indexes with the books on the shelves, and has made 
a list of lost books. At times the taking of books from the Library without permission 
or record presents a serious problem, which at present has not been satisfactorily settled. 
Cross indexing has also been brought up-to-date. 

The Committee has used the funds at its disposal in the purchase ese new books, the 
list of which is appended to this report. 


Respectfully submitted, 


Henry B. ALvorp, 
Librarian and Chairman, | 
Library Committee. | 


BooOKs ADDED TO THE LipraArRy, 1931-32 


Earthquake Damage and Insurance. J. R. Freeman. (Gift.) 
Underpinning. Prentiss and White. 

Car Builders Cyclopedia. 

Highway Economics. Johannesson. (Gift.) 

Technical Dictionary. Vol. I. Kittredge. 

Principles of City Planning. Lohmann. (Gift.) 

Elastic Arch Bridges. McCullock and Thayer. (Gift.) 

Design of Dams. Hanna and Kennedy. 

Modern Framed Structures. Vol. III. Johnson, Bryan & Turneaure. 
Foundations of Bridges and Buildings. Jacoby and Davis. 

Design of Steel Structures. Urquhart and O'Rourke. 

Handbook of Formulas and Tables for Engineers. Pierce, Carver and O'Rourke. 
Architects’ and Builders’ Handbook. Kidder and Parker. 
Bibliography of Bibliographies in Electrical Engineering, 1918-1929, 
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Report of the Committee on Membership and Publicity 


Boston, March 12, 1932. 
To the Boston Society of Civil Engineers: 


The report of the Committee on Membership and Publicity of the Boston Society 
of Civil Engineers for the year 1931-32 is as follows: 


MEMBERSHIP 


In view of the times, it has seemed inadvisable to attempt any organized activity 
toward increasing membership by high pressure methods. Many members find them- 
selves confronted with difficulty in meeting payments for dues, and the Board can 
do much to relieve this situation by a continuation of its policy of granting extension 
of time for the payment of dues in worthy cases. 

The attention of the Society has been called to the essential requirement for a 
normal amount of new blood in the Society by mailing to each member with one issue 
of the JourNaL during the year an application blank form in the hope that it might 
be handed on to a potential candidate. The Committee has also prepared and pub- 
lished in the January issue of the JoURNAL an outline of the activities and purposes of 
the Society, condensing for ready reference in a form not hitherto available the ma- 
terial which is required in approaching a prospect for membership. These data in 
separate pamphlet form should be of material help to later Committees who may see 
fit to conduct intensive membership drives when better times return. 


PUBLICITY 


Efforts have been made to gain publicity for the Society through notices in the 
press. These have met with indifferent success, due partly to the lack of editorial 
snterest in the rather technical nature of the subjects of the meetings, and more espe- 
cially to the difficulty which the amateur experiences in getting his material before the 
proper newspaper Official in a way to get it routed elsewhere than to the waste basket. 
These experiences have pointed clearly to the desirability of having publicity handled 
by a professional who, with knowledge of news values and entrée to the newspaper 
offices, could bring the activities of the Society more prominently to public attention. 
Obviously, the present is not the time to add to the expenses of the Society for this 


purpose. 
Respectfully submitted, 


For the Committee on Membership and Publicity, 


Artuur L. SHAw, Chairman. 


BOSTON SOCIETY OF CIVIL ENGINEERS 
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Report of the Committee on Registration and Licensing of 


Engineers 
Boston, March 16, 1932. 
' To the Boston Society of Civil Engineers: 


While the members of the Committee have discussed informally the subject of 
registration and licensing of engineers in Massachusetts, no definite action has been 
taken, and it has not seemed advisable or necessary to take up these matters actively 
during the past year. 

Respectfully submitted, 


FranK A. Marston, Chairman. 


Report of the Committee on Social Activities 


Boston, March 16, 1932. 
To the Boston Society of Civil Engineers: 


The Committee on Social Activities submits the following report for the year 
1931-32: 

At seven out of eight meetings held during the past year the Committee has served 
approximately 780 members and guests of the Society with buffet suppers, an average 
of 111 per meeting. 

The largest number served at any meeting was 298, the occasion being the annual 
Student Night, when members of the student engineering societies of Tufts College, 
Northeastern University, Harvard and Massachusetts Institute of Technology were 
guests of the Society. The smallest number served was 45 at the September meeting. 

As the April meeting was held jointly with the Engineering Societies of Boston, 
we decided to omit the usual buffet supper and have in its stead a catered dinner served 
to members of the Society and their ladies, which proved to be a very enjoyable occasion. 

In June, as heretofore, an outing was held jointly with the New England Water 
Works Association, this year at the Sandy Burr Country Club in Wayland. About 
230 members and guests of the two organizations attended, and to all appearances they 
enjoyed it in spite of the inclement weather. 


Respectfully submitted, 


RicHARD W. SHERMAN, Chairman. 
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Report of the Committee on Subsoils of Boston 


Boston, March 16, 1932. 
To the Boston Society of Civil Engineers: 
The Subsoils Committee has to report that a Progress Report was printed in the 


September (1931) JouRNAL of last year, and that since that time no additional informa- 
tion has been obtained of sufficient moment to make an additional report at this time. 


Harry E. SAWTELL, Chairman. 


Report of the Committee on Research 


Boston, March 16, 1932. 
To the Boston Society of Civil Engineers: 

A report was submitted on January 27, 1932, upon subjects for research, and that 
report has been published in the February, 1932, JouRNAL. It is hoped that some 
discussion will be submitted, and that the publishing of the report may bring the sub- 
jects to the attention of members who will interest themselves in making some of the 


special studies suggested and in preparing papers for the Society. 
The next step will be to bring certain subjects to the attention of members of the 


Society well qualified to discuss them. 
The list of subjects is not complete, and without doubt many other worth-while 


subjects will be suggested after additional thought is given to the matter. 
Respectfully submitted, 
For the Committee, 


Frank A. Marston, Chairman. 


Report of the Committee on Run-off 


LoweLL, Mass., March 3, 1932. 


To the Boston Society of Civil Engineers: 

The Committee on Run-off has organized, and appointed a steering committee con- 
s. Uhl, Kinnison, Kent, Henderson and Noyes; it will collect and study 
the data and be ready to report by another year, provided the drought is at an end. 

The year 1931, while not a year of extreme drought like 1930, has had enough low 
spots to warrant including it with 1930, and 1932 may behave as badly. For this reason 
the work of the committee has not been stressed beyond getting the records. 

The year 1930 was definitely a year of drought; 1931 a more nearly normal year, 
but with deficiencies of rainfall in southern New England and excess of rainfall in 


northern New England. 


sisting of Messr: 


’ 
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The United States Department of Agriculture in the annual Weather Bureau report 
for 1931 gives the following: 


There was an excess in precipitation in March, May, June, July and August, with 
the greatest excess in June. There was a deficiency in precipitation in January, Feb- 
ruary, April, September, October, November, with the greatest deficiency in November. 


The year 1931 should be an interesting one to study. 
For the Committee on Run-off, 


ARTHUR T. SAFFORD, Chairman. 


Report of the Committee on Welfare 


\ 


Boston, March 16, 1932. 
To the Boston Society of Civil Engineers: 


The Welfare Committee respectfully submits herewith a report of its activities for 
the past year. 

The Committee was appointed by President Sawtell upon authorization by the 
Board of Government at its September meeting, in response to a communication from 
the President of the Boston Society of Architects asking the Boston Society of Civil 
Engineers to appoint a committee which might co-operate with the Architects’ Com- 
mittee on Unemployment. 

The Committee interpreted its duties to be of an emergency nature, and immediately 
undertook a thorough survey of the unemployment situation among our entire member- 
ship, to determine the extent of unemployment and the seriousness of individual cases. 
Efforts also were made to find engineering work for the unemployed, particularly for 
those whose financial situation was critical. These efforts were not successful. 

At the same time the Committee, in co-operation with the Architects’ Committee, 
outlined a scheme for creating emergency employment, which would make use of the 
unemployed engineers on work where their technical training and experience would be 
of value. This scheme proposed that funds should be solicited from the employed mem- 
bers of the engineering profession and used to employ the unemployed members on 
technical work, which otherwise could not be undertaken. 

Upon consideration of the proposed scheme by the Board of Government this 
matter appeared to be of such importance and magnitude that the Board voted to refer 
it to the Engineering Societies of Boston for action. Favorable action was readily 
secured from the Engineering Societies of Boston, and through the enthusiastic and 
whole-hearted support of the member societies the Emergency Planning and Research 
Bureau, Inc., has now become a reality. Employees of the Bureau are divided into two 
groups, namely, engineers and architects. Each group is paid from funds subscribed by 
the members of its respective profession. Funds to the extent of over $73,000 have been 
pledged to carry on the work of the engineers’ group, and to date approximately 140 
members of the engineering profession, who were urgently in need of employment, have 
been put to work with the Bureau. 

The members of the Welfare Committee are serving with representatives of the 
other member societies of the Engineering Societies of Boston as a Registration Com- 
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mittee for the Emergency Planning and Research Bureau, Inc. The Welfare Committee 
is also serving as a subcommittee to investigate and pass upon critical cases among our 
own membership, and is otherwise continuing its duties to our own needy members. 
Recently the Boston Society of Civil Engineers has received a substantial contribu- 
tion from the “ Municipal Technical Engineers’ Association of Boston,” to be used for 
the express purpose of relief of our members who are out of work and need assistance. 
Their communication indicated that they were heartily in sympathy with our efforts to 
assist our unemployed members. This contribution is being expended to employ needy 
Society members upon work which will improve the library and records of the Society. 


Respectfully submitted, 
For the Welfare Committee, 


Ratpew W. Horne, Chairman. 


Report of the Committee on Relation of Sections to 
the Main Society 


Boston, Mass., March 16, 1932. 
To the Boston Society of Civil Engineers: 


This Committee was appointed to provide closer contact between the main Society 
and its four Sections which now have a membership of nearly 500 and hold twenty or 
more meetings each year. The following recommendations, based on a study of the 
activities of the Sections, are presented as a progress report with the suggestion that a 
similar committee be appointed next year to co-operate further with the Sections. 

1. A tentative ‘‘Consolidation of Section By-Laws”’ to replace the four individual 
sets of By-Laws, which are nearly identical, has been prepared for submission to the 
Executive Committees of the Sections. Its adoption would result in a simplification 
which would be of advantage to the Sections; it would also be desirable from the stand- 
point of saving in cost and space in the publication of the Society’s Year Book. 

2. Co-ordination of Programs. — It is recommended that the Program Committee 
of the Society hold a joint meeting with the Executive Committees of all the Sections 
early in the new year for discussion of the programs of the Society and of the Sections, 
and for possible arrangement of joint meetings on subjects of particular interest to 
several groups. During the year, as subsequent meetings are arranged, the Committee 
on Relations of Sections to the Main Society could assist in the co-ordination of pro- 
grams. 

3. Notices of Meetings. — A calendar should be published each month in the JOUR- 
NAL giving the dates of all regular meetings of the Society, and of the Sections to be held 
during the remainder of the year. In addition to the individual post-card notices now 
sent to the Section members in advance of a Section meeting, each notice of a meeting of 
the Main Society should carry a brief announcement of the dates and subjects of Section 
meetings for the ensuing month, with a reminder that all Society members are welcome 


at Section meetings. 

4, Membership and Publicity. — 
bership in the Sections except in the case 0 
which the membership is limited to students, gra 


All members of the Society are eligible for mem- 
{ the Northeastern University Section, in 
duates and members of the faculty at 
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that university. This fact should be given more publicity, particularly for the benefit 
of the new members, in order that the membership of the Sections may be increased. 
A proposed grade of “Student” member of the Society has been approved by the Board 
of Government and will be submitted to the membership for consideration at an early 
date, The adoption of this grade would result in a desirable influx of students of civil 
engineering in near-by technical schools, and would increase the interest in Section 
activities, particularly in the case of the Northeastern University Section. 

5. Section Prize Papers.— The presentation of papers at Section meetings by 
members of the Section should be further encouraged and definite meetings set aside for 
this purpose. The members of the Executive Committees of the Sections are urged to 
give this matter special attention, and to suggest subjects to those members who are 
particularly qualified to present them. The list of nearly one hundred subjects recently 
suggested by the Society’s Committee on Research (published in the February, 1932, 
JouRNaL) provides a wealth of material on which papers might be presented. One of the 
most important features of Section meetings is the informal discussion of engineering 
topics, particularly by the younger members. Section prizes are awarded for worthy 
Section papers by members, and greater effort should be made to arrange programs 
which will include such papers. ; 

6. Attendance at Section Meetings. — Members of this co-operating Committee and 
the vice-presidents of the Society should attend Section meetings frequently to familiar- 
ize themselves with the work of the Sections and to show the interest of the Society in 
its Sections. Vice-chairmen of the Sections are urged to attend some of the meetings 
of the other Sections to keep in touch with the activities of all the Sections. 

These recommendations have been approved by the chairmen of the Sections for 
1931-32, and by the incoming chairmen for the new year. Your Committee believes 
that the carrying out of these recommendations will result in more effective work by the 
Sections, and will bring the Society and the Sections into closer contact. 


Respectfully submitted, 


F. H. Kincspury, Chairman, Sanitary Section. 

Erwin Harscu, Chairman, Designers Section. 

A. B. Epwarps, Chairman, Highway Section. 

J. B. Komicu, Chairman, Northeastern University Section. 
H. K. Barrows. R. W. Horne. 
A. W. DEan. J. B. Bascock, Chairman. 


Report of the Executive Committee of the Sanitary Section 


Boston, March 2, 1932. 
To the Sanitary Section, Boston Society of Civil Engineers: 


There have been five meetings and one excursion held during the year, as follows: — 


March 4, 1931.— Annual meeting. ‘The Trial Water Filtration Plant at Ot- 
tawa,’’ by Dr. George G. Nasmith of Gore, Nasmith, & Storrie, Consulting Engineers 
of Toronto, Ont. (illustrated); attendance, 48. 

April 1, 1931.— Special meeting. “ “Mosquito Control,” by Edward Wright 
Chairman, Massachusetts State Reclamation Board. Discussion by Robert W. Wales, 
Entomologist of the Board (illustrated); attendance, 34. ; 


PY al a 
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June 6, 1931.— Excursion, to Woonsocket, R. I., Sewage Treatment Works, as 


guests of Joseph H. White, Commissioner of Public Works; attendance, 35. 


October 7, 1931.— Regular meeting. “Financial Considerations of Municipal 
Sanitation,’’ by Charles W. Sherman of Metcalf & Eddy; attendance, 25. 
December 2, 1931.— Regular meeting. ‘‘Occurrence of Iron in Ground Waters 


of Massachusetts,” by Clarence I. Sterling and John B. Belknap, engineering assistant 
and past engineering assistant, respectively, Massachusetts Department of Public 
Health; attendance, 21. 

February 3, 1932.— Special meeting. Motion Pictures of Sewage Treatment 
Works in England and the United States, by E. Sherman Chase of Metcalf & Eddy; 
attendance, 40. 


Attendance. — Attendance at meetings has varied from 21 to 48, averaging 34. 
The practice of meeting to dine prior to the meetings has been continued, the attend- 
ance varying from 15 to 28, averaging 22. 

Membership. — The present membership of the Section is 187, a loss of 4 since 
last year. 

Seven new members have been added to the roll of the Section, while 11 have been 
lost, — 5 by resignation, 2 by forfeiture, and 4 by death. The names of the members 
taken from us by death are: T. F. Bowes, E. W. Howes, H. A. Symonds and E. M. 
Young. ‘ 

Executive Committee Meetings. — Four meetings of the Executive Committee have 
been held during the year. 

Respectfully submitted, 


For the Executive Committee, 


GerorGE G. BoGreENn, Clerk. 


Report of the Executive Committee of the Designers Section 


Boston, March 9, 1932. 
To the Designers Section, Boston Society of Civil Engineers: 


During the past year seven regular meetings and one joint meeting with the High- 
way Section have been held, as follows: 


March 11, 1931. — Annual meeting. Subject, ‘‘ Resistance of Piles;’’ speaker, Mr. 
- attendance, 95. wo 
7 Ui were Subject, ‘Light Weight Floor and Roof Construction; speakers, 
Mr. Burtis S. Brown and Mr. Joseph B. Harriman; attendance, 05. a 
May 13, 1931. — Subject, ‘‘The Structural Design of the New East Boston lun- 
nel;’’ speaker, Mr. Benjamin A. Loveland, Assistant Engineer of the Boston Transit 
Department; attendance, 108. This was a joint meeting with the Highway ae 
October 14, 1931.— Subject, “The Correction Works for the Harbor ey aes 
haven, Germany, and the Protection Works on the Island of Wangeroog;’ spea ee 
Prof. Kenneth C. Reynolds of Massachusetts Institute of Technology, and Joe 
Freeman Scholar of the Boston Society of Civil Engineers, 1927-29; attendance, ; 
November 12, 1931. — Subject, “ Moisture Penetration in Masonry Walls; ee 
Mr. Howard A. Gray, Engineer for the Morton C. Tuttle Company; atiendance, veh 
” December 9, 1931. — Subject, “Discussion of the Proposed Boston Building se ei 
speakers, Mr. Edward W. Roemer, Building Commissioner of Boston, Mr. Pau i 
Norton, Mr. Maurice A. Reidy, and Mr. John R. Nichols; attendance, 135. 
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January 13, 1932. — Subject, ‘Physical Properties of Clay;’’ speaker, Mr. Arthur 
Casagrande of the United States Bureau of Public Roads; attendance, 62. 

February 10, 1932.— Subject, “‘ Design of Formwork for Concrete;” speakers, 
Mr. Joseph Tucker of the Tucker Concrete Form Company, and Mr. Edwin F. All- 
bright of the Grid Flat Slab Corporation; attendance, 65. 


The average attendance was 76; last year it was 34, 
During the year two new members were added, seven resigned, three were dropped 
and two died. The net membership this year is 163; last year it was 173; 


Respectfully submitted, 
For the Executive Committee, 


HERMAN G. DREsSER, Clerk. 


Report of the Executive Committee of the Highway Section 


Boston, February 23, 1932. 


To the Highway Section, Boston Society of Civil Engineers: 


During the past year four regular meetings of the Highway Section have been 
held. These meetings are summarized as follows: 


February 25, 1931.— Annual meeting. Election of officers, as follows: Chair- 
man, A. B. Edwards; Vice-Chairman, Edwin H. Rogers; Clerk, Arthur P. Rice; 
Executive Committee, J. B. Babcock, Ernest Mathers, Francis T. McAvoy. Speaker, 
Mr. Clarence P. Taylor, Traffic Engineer of the Massachusetts Department of Public 
Works. Subject, ‘‘Preferred Speeds;’’ attendance, 28. 

May 13, 1931.— Speaker, Mr. Benjamin A. Loveland, Assistant Engineer of the 
Boston Transit Department. Subject, ‘Structural Design of the New East Boston 
Tunnel;’’ attendance, 108. This was a joint meeting with the Designers Section. 

September 19, 1931. — Inspection trip to Memorial Drive underpass at Massa- 
chusetts Avenue, Cambridge, and to the new Tyngsborough bridge across the Merri- 
mack River at Tyngsborough; attendance, 16. 

November 24, 1931. — Speaker, Mr. D. Grant Mickle, Sheldon Traveling Fellow at 
Harvard University. Subject, ‘‘ Traffic Regulation and Control Methods in the Large 
American cities;’’ attendance, 39. 

During the year the Executive Committee held two meetings. 

Membership. — The present membership of the Highway Section is 90; during 
the peas 1 new member has been enrolled; 1 has forfeited membership; and 3 have 
resigned. 

Attendance. — The attendance at meetings during the year has ranged from 16 
to 108, and has averaged 54 per meeting. 


Respectfully submitted, 
For the Executive Committee, 


ARTHUR P. Ricez, Clerk. 


a ee. 
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Report of the Executive Committee of the Northeastern 


University Section 
Marca 9, 1932. 


To the Northeastern University Section, Boston Society of Civil Engineers: 


The Northeastern University Section of the Boston Society of Civil Engineers 
has held five meetings, including inspection trips, during the year, as follows: 


May 21, 1931.— Annual meeting. ‘Design and Erection of the Tyngsborough 
Bridge,”’ by A. E. Sanderson, Chief Draftsman, Boston Bridge Works, and A. E. Hard- 
ing, General Superintendent, Simpson Bros. Corporation. 

October 9, 1931. — Excursion to new underpass of Memorial Drive under Massa- 
chusetts Avenue, Cambridge. Mr. McSweeney, Metropolitan District Commission, 
acted as guide. 

November 10, 1931. — ‘‘What Comes before Construction,” by Col. Frank M. 
Gunby of Chas. T. Main, Inc. 

December 10, 1931.—‘‘Triangulation of the Cascade Tunnel in the State of 
Washington,” by Prof. Henry B. Alvord. 

January 15, 1932.— Inspection trip to the North Station Terminal, Boston & 
Maine Railroad. Mr. Baldwin of the Boston & Maine Railroad acted as guide. 
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